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*ABSTRACT . ’

' These' individualized, self-paced student texts and

workboQks for a secondary-postsecondary-level course in teleph:na S
equippent installation: {nd’ repRir is ong of a gurber’ of

military-developed curriculum package's selected for adaptatio t>

vocatiocaal instruction and curriculum developsent in a civilian .

setting. Purpose stated. for *he course *s to provide the student with

inforaation about electrical- fundamenthls, transistors, telephon; ani-

telephone systems, and telephone =*ation instaldation, testing, and

maintenaace., The’ four r-volume conrse consists of four texts with ,\‘
reading assignments: Lntndduc+~%n 32 chapters), Telephone

Construction znd Repair (3 chapters), Substation Installation (“ -
chapters). and Key Systems and Tnterconmunications (6 chapters). The
"four volumes 'o5f the studep* workbeok correspord with the volumes of
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an/d chapter and volume,vev*ev exe:%§ses w*th answers. (YLB)

%
s

. ’
- - .
4 .
.
-
.

¢ -

W K ok koK *t********t****t*t***ﬁt*ttt ok e Kok Kok ************t****#***t****

¥ “eg:odnctions supplied by EDPS. are-the best that cap be miia *.
* . from the original dcdcument. “ *
tt*#*t‘***ttti#t***#**********t**t***#t 2 I e L £ E LR L F L *****t*#*##t**

S



- f’
7

; N |

&) X ‘ ,_
‘ ).?AI QAI .&A | . | |

N
(> B )
w: B

o 9esgeler L - Lsg b0 39

)




- I S
b R '.‘. ’I.
A L ¢N
-
e N
- .
- ¥ . ’
~ . K - -
» ) %
i i . “ . -
- N * f
, .
Ne . - x\ -
. - > -
L4
o A M
[N © o ‘“
R -
+ i ~ &
. )
N - A ¢ - %
‘ ‘ “ \
. ¥ . .
‘ A\\ # . .
At % Y ¢ - \ T' - .
. . ‘ .
A we 2 Y N - 1 -~ s
! i - - . £
1 b
. ' L ; .
. . !
L] N { -
— ‘ - -
."’ ¥ [ - \ ©
hY ' . [ - ‘
- Y\ Lo
:
N - s \ ¢
“ ® . . .} 3 .
< kY >
) ) ' _\4
) \\
" } : - & T . * -
.5 sy . ) ¢ I3
r v )
- )“ T ‘\._\‘
- s

kK

K
",
$
LY

Con
»
‘ )
& PR
- e . .
s - ~ v .
7 . ‘+ .
i * . . -~
s .
M * & - ¥
s , .
)
Y s i
L]

L}

\

.. - This military technical trainink course bas been selectad and adapted by
The Center for Vocational Education .for "Irisl Implementation of & Model Systew
* to Provide Military Curriculusm Materipels for Use im Vocational and Teghnical

Education," a project spouscred by the Buraau of Occupational and Adulc Ed -cation,
U.s. Depextnent of Eealth. Education, and Welfare.
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MILITARY CIJRMCULUM MA’I’ERIAIS .
0

'I‘he nuhtary—developed curnculmi matenals in thle course

- 'L. package were selected by the' Ne
< . Vocational Education Military Curri

Center for, Reséarch in
un Project for dissem-

! » . ination to the six regional Curnculmn Coordination Cengers and

other mstructmnal materials agencies.

'Ihe,purpose of -

diss ating these courses was to make curriculum materials
~devel by the mili ‘more atcessible 'co vocatmnal
‘ aduca in the civili settung.

.

'I‘he ocourse materials me acqulred evaluated by pmject

. ’ : staff and practitioners in the field, and prepared for -
e dissemination. Materials wnich were specific to the military,
’ “were deleted, copyrighted materials were either amitted or appro-
val for their use was cbtained. These course packages contain . .
curneulmn resource materials which can be adapted to Supp@rt

vocauonal instruction and curnmllmn develqmem
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The National Center

Mission Statement

.

The National Center for Research in
.Vocational Education’s,mission is to increase
~7 the ability of diverse agencfes, institutions,
- and prganizagions. Mo solve educationa! prob-
lerns relating to individual career planning,
/ preparatmn and progression. The National °
Center fulfills its mission by:

. Ge'neratin‘g'knowledge %hrough research
{ .
] Devekapmg educatsonal pmgrams ang_
pr: \ducts

® Evaluatmg individual pragram needs
and oufcomes
&
* {nstalling educational programs and
products

* Ope(atmg enﬁormatson systerns and
services -

* Condueting leadership deve;opment and

_ ;;.trammg programs . .

« FOR FURTHER INFORMATION ABOUT
Militery Curriculum Matsrials ,
WRITE OR CALL ’ .

Y

Program Information Qffice

The National Center for Research in Vocationa!
Education

The Ohio State University

1960 Kenny Road, Columbus, Ohio 43210

Telephone: 614/48&3655 or Toll Fres BOO/

g_; - 8484815 within the continental U.S,

L (except Ohio).
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an activity to mcregse' thg acclssibility of.
military-developed curriculum rhaterials to - :
vocational and te_chmqal@du,cnmts

This project, funded by the U.S. Office of
Education, includes the adem-x.{katlon and
acquisition of curriculum materials in print
form from the Coast Guard, Air Force, *

- Army, Marine Corps and Navy o
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One hundred fwenty courses on microfiche

(thirteen in paper form) andrdesenptmns of -
‘each have begn provided to the vocatmnai

Currncutum ocordination Centers and ot
mstrucnonal matenals agencies for dxssem

" nation.

Course materials includé programmed
instruction, curriculum outlines, instructor
guides, student workbooks and techmcat

Access to military curriculum m erials is" ig\anuals
. provided through a “Joint Mem dum of
~Understanding’’ between the U.S. Office of . The 120 courses fepresgnt the following
Edycation and the Depdrtment of 5efens% sixteen vocatxonai sub;ect areas: -- 3
: - " - o &
The acquired materials are reviewed by staff ", 4. Agriculture Food Service
¢ and subjest matter specialists, and courses Aviation ; ﬂ_ea!ﬂ? LT
" degmed applicable®to vocational and tech- - Building& " "Heating & Air
* nical education are selected €or dissemination. Construction . Conditigning.
. . ’ B Trades . Maching
The National Centér for Research in Clerical . Management&'
Vocational Education is the U.S. Office of . Occupations . ision
 Education’s designated represenpative to Communications * Métebmlogy&
©  acquire the materials and cbnduct..the project Drafting . Navigation * .
_2 . activities. ) . Electronics Photography
ot Engine Mechanics 'Public Service ’
- m;msmn B -
' The number of courses and the subject areas
r \:esley E[ CB“dketh D., ::;ector ‘ . represented will expand as additional mate-
ational Center Clearinghousg _ rials with appacatcop fo vocationak and
% °  Shirley A. Chase, Ph. D. , « technical education are fdentmed and setpcted
'PirQject Director L for dissemination’. -
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How Can These |
Matenals Be Obtamed"

*Contagt the Curriculum Coordination Center

in your region for information on obtaining
" materials (e.g., availability and cost). They -

will respond to your request directly or refer oo
you ‘to an instructjonal materials_agency .

Springfield, L 62777

clbser to you. P
“\ - ..
CURRICULUM COORDINATION CENTENRS A
/ EASTCENTRAL  NORTHWEST
Rebecca S. Douglass Witliam Daniels
~ Director . Director
100 North First Street  Building 17

Alrdustrial Park

217/7820759 Olympia, WA 98504 *
-206/753-0879 %
3
]
MIDWEST ' SGUTHEAST
Robert Patton James F. Shill, Ph.D.
. Director Director . E
§ 1615 West Sixth Ave,  Mississippi-State University 3
Stillwater, OK 74704 Drawer DX .?
405/377-2000 Mnssissnppi State, M§ 39762 ,
+  601/325-2510 _ o
ke . )
NORTHEAST - WESTERN T
Joseph F. Kelly, Ph.D. - Lawrence F. H. Zane, PhD. "
Director Director
225 Wost State Street 1776 University Ave. ‘ ({"
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= The course is designed to provide the student with -information about electrical T
707" "fundadlentals, transistors, telephony and telephone systems, and telephone station
4 inatallation, testing, and maintenance. The course consists of four volumes: .
! ‘ ) 4 . . ‘
: N Volume | -—- Introduction has an explanation<on eleé:rical.fundamentals ¥ ' :
. and.trouble analysis. Fundamentals of telephony are also *
. explained. | - ' -
. . . \
¢ -~ . . .
Volume -- Telephone Construction and Repair explains both manusl and auto-
s matic systems, the basic principles of central office switching,
", and describes telephones and telephone components. Information
about telephone trou ashooting, maintenance, angd repair is
-included. - ) - -
- . <
, Volume 3 —— Substation Installation presents information on the materials and” N
) attachments used in connecting telephones and stagionm apparatus. = '
' Volume 4 -- Kev Systems aﬂdﬂIAtercommunicaticns describes the varied uses and .
Co ! operating principles of exemplary key and intercomnunicatifig '
. systems. - T ' s o S
Each volume contains reading assignments. The four.volumes of the student .
workbook correspond with the volymes of the student text. Eagh studint work-
book contains review guides, plus chapter and volume review exercises. The e
" - course 1s designed for student seli-study. . : ‘ )
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AN EFFICIENT telephooe equipment instailer-repairman understands the theocy of

dmul:ﬂﬁqhncamwm&cmdﬁmdmm.

equipmenty This knowledge him to mike rapid analyses of probable troubies.

TﬁnCDChudfothnmesnﬂy Jncrease your knowledge about your carcer field.
Using itin conjunction with the on-tie-job training prepares you for undertaking more
mmw«mmmmmmmmdmm
duties which are not d§ to complete. This duai-channsl (COC and leamn-by-doing)
training can be done mmmmmupmmmp«fmz&mm

Foc;w.dxismmybeaulyamm,hnfumenummmme

. telepbone equipment installer-equipment ladder. It presents intormanon about electrical
'Mmd&miﬁo:&miepbnyandulepmmmﬂuﬁqdumpmof

telephone circuits which are representative of subsets, key telephones, and interoffice
communications systems. In addition, it provides information about tglephone station

-installation, testing and maintenance. Supemsnn and management is also ;overed

briefly.
This volume utheﬁmoffourvolunm. It mcluda mfomauanabmncareer ﬁeid
duties apd respoasibilities, the specialty training standard, prevequisite qualifications for

‘progression, fundamentsis of masagement and supervision, and security. Further, it has
an explanation on clectrical fundamentals and touble mlysh Fundamenals of

telephony. are also explained,

At the end of ‘his volume is 2 glossary, which defines many terms or words that are
related o your job. Regular reference to it will often provice you with a quick
Wmmummaiwmwmwmmumtﬁm
gwerdmm&emﬁcmhandmehpphmbiechapmmdmmwmchhnw
xntmmumabom:hem Iuaseparatc booklet are review exercises for the chapters and

volume.
4
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ASYOUPERHAPSOOM&MMGIMI the

E‘xmnﬂefrepmmumndpnmnﬂymmme

installation, maintenznce, .and operation of
_telephone communications equipment. To do your
p&m@uemukmmtymhn\em
understanding of how the equipment operates.

this equipment is electrical, we will expiain that

portion of electrical theorywhieh is necessary for 3~

clear ufderimpding of the operating principles.
Let's taiktabout electricity as it is /ped in telephony.

2. Our discussion will include electron theory of
matter; electrical symbols; distribution of wvoltage.
current, and resistance (including calculations in
seriey resistive, parallel resistive, series-parallel
resis§ve, and resistive bridge circuits); magnetism;
sources of electricat energy; and electromagnetic
devices. We conclude the chapter with information
about trouble analysis.

9. Electmj Theory of Matter

9-1. According to the electron theory, all physical
materials are composed of atoms. Eich atom
consists of a pusitive nucleus with one or more

, negative charges (ciectrons). The electrons revolve

around the nucieus. The atom of one element differs
from ‘the atom of another element because it has
either fewer or moce electrons around the nucleus.
Thus, the charges of the two atoms are different For
an atom to be in balance, the quantity of positive
charge on its nueleus must equal the quantity of
negative charge provided by the efectrons. An atom

that loses an electroa is unbalanced: it now has 2

greater ‘bositive charge since part of the negative
charge has been lost Such an atom (positively
charged) has an attraction for negative electrons and
for' the .negatively charged atoms. Conversely, an
atoin with more electrons than normal is also
unbaianced. But. it is negatively charged and seeks a
positively charged atom. In.the resident course, you

leamned the basic electrical law that applies o this

condition: unlike charges of electricity attract each
other, and like charges of electricity repel each

9.2, A batery is a unit which is electrically
charged. It is connected to a circuit consisting of

.-

redamnaddmdmm&ncethcpmm
mammm&mcau«m
mdthnhqm\entmimlhumexmmhcof
dmmmﬂw&mmmmmmﬂ
through the circuit to the positive terminal. The
number of electrons tipt pass through the circuit

~within 8 certain period of time is determined by the

electronic devices anxd by the swength of the
elecmichugea:mesoum You leamed thoY this
relationship is spoken of as Ohm's law. Further
ducmuonabmuthklawuprmdedm&cnon l’

9-3. You recall thst. accordms to this law, the
"amount of electrons flowing in the circuit is, at any
given tme, determined by dividing the remnnce
into the voluge (I = E/R).;This electric currént is
measured
microsmperes). One effect of current ing@ circuit is
the creation of a magnetic field. Under cerwmin
conditions. current also produces light and heat. The
effects that result from electron movement.aré basic
to the operation of the telephone system. A
telephone system uses relays which operate because
of 3 magnetic field. It has alarms which also operate
becauseofmqneuceffe:ts The alarms are noticed
because of lamms which operats as a result of
current heating - Lamps also are supervision
devices on switchboards. Heat is necessary for
keeping 2 system dry, yet is unwanted whén it is
excessive. Electron flow can produce a chemical
action. 'However, this effect is of limited value for
our discussion. We are more concerned that you
remember that a chemical action affects the
_telephone system. You learned that each telephone
system includes a battery. A Datery is a unit that
produces electricity from a chemical agtion.
mmﬂnwmmedmlmﬁmthqpmmw
terminal to the negative terminal as a result of this
chemical action. Corrosion, which redults from

chemical action, is harmful to telephone systemr -

components.

' 100Electrical Terms and Electrical

Symbols Review /
10-1. A technician in any career field that
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includes decml squipment can speak flueatly v;w'uh
men in his and in allied fields. Duridg their

- technician will use electrical symdois when

pramnn; a circuit, since they simplify the
presentation and permit a more rapid understanding
of the circuit principles.

10-2. BmthmWemmatmerem
many terms which apply specifically to electrical
N drm:dampmﬁowmr it is not pecessary that
we mennonevery:crmbe:ausemanymtary:h&rw
all’ electrical systems
with automotive, -electrical systéms, building
clectrical systems. radio ‘systems, oc telephone
systems. You have seert the terms that we are listing
before, in the resident course study materials.
10-3. Differential. The diferential feature resuits
because of a difference in quantities or quality. For
inKance, a differential relay operates or fails to

" operate because.of the difference in current. Current

in botht windings prevents the relay from operating
because of magnetic opposition. On the other hand,
current in only one winding' causes the relay to
operate.

10-4. Energized. Energizcd refers 0 a condition
in which current is flowing in the device; thus. it is
operating. This siziement may not hold true in all
circumstances, Decause some descriptions specify
eneryized as the condition in which the device has
preoperational current; then an additional surge of
current follows which operates the device.

10-5. Preparing a circuit. You will often_ find this
expression used when the circuit activities of
communications equipment are being described. [t
identifies an action within a circuit which has several
open contacts, where one part of the circuit has just
been closed. However, the operating circuit is not
crmplete until all remaining open comtacts are
closed.

10-6. Ringing. Signaling is aecamphsheﬁ by
using altermating current. But it is the usual practice
also to connect the ringing iead to a battery source,
because this connection permits an associated relay
to operate to cut off the ringing. A polarized reiay or
3 slow-to-operate relay may do this, In addition,
making the ac circuit a low-value current circuit
while the dc circuit is developed to have a greater
current flow would allow this cutoff operation. You

will often see this connecting procedure referred to

as super-imposed ringing.
10-7. Additional terms used im the
csmmgnimtion field can be found in the glossary.

10-8. Electrical Symbols. Symbels which
represent the various electrodic devices on electrical
equipment schematic diagrams often differ. Figure 3
shows symbols with which you should be familiar.
Thinking of each symbol as a part of the circuit and
understanding its function makes the circuit analysis
easier. As a result, you can determine. locate. and

\-é’*

whether he works.

at

repair trouble more rapidly. NOTE: A capacitor for
.a circuit could be shown with or without a curved
“line. &mmt!yugmmmhewwdm
thive ways. .

10-9. Fs;urcnsshowsmerehnumhapofsome
devices in a «ircuit' for one communications sysieis.
Youmummmoremmum;n\famme4
Onthasﬁgmyoumseedutthenqanvedthcz‘t
volt' baztery (B?) is connected to the B terminal of
the four Yelays (A, B, ST, and EL:1). In addition,

’ mmSandéTofrelajBappwbmdem!ay

FLI. Thuappunmexsno&ammpmmnonof
+ their position because: they, are actuslly included
mmmthefmnewcttotrdxyaandbadcmm
2 and IT. It is not good practice O memarize
schematic diagrai . for circuits because this type

xummummmumnmﬁ ‘

for figure 4 are comparable to the symbols of fig

3. For example: straight lines for conductors, circles
that represent terminals, and conductors that cross
without making i connection. Remember, when you

place variour symbols together in a specific manner,.

_you have an electrical-diagram.

1L Hectrical Diagrams

11-1. We saw that figure 4 is a schemanc
diagram. You know that there are many diagrams
that can be used to simplify circuit analysis.
Consequently, you shoukd not find it difficult to
understand the theory and principles of a telephone
circuit. Word dampuem are also used with the
circuit diagrams to increase your understanding.
Diagrams that we will' describe are: schematic,
wiring, block, and line and contact.

11-2. Schematic Disgram. This diagram (see fig.
4) is most often used when explaining the cirouit
relationships because the circuits are easier to race.
The schematic allows emphasis of the important
features of the circuit. Conventional symbols are
used, but their pasition or placement does not
necessarily correspond (o the location of the actual
part within the equipment. Since schematics are not
true pictures of an equipmeny circuit. leam the
_principles of operauon of the devices of the circuit.
"This includes a knowledge of the current in the
circuit, the voltage at the various components;sand
the power requirements. Effective understanding is
made possible by breaking the complex circuits into
a number of simple circuits. Frequenty, cermin
smail groups of parts forny relatively simple units
within the complex circuit, For example, a diagram
of a complete telephone Systeg can be broken-down
into a transmitter cirguit. a réceiver circuit, a finging
circuit, refay circuits, and several other smaller
circuits. You should learn to.recognize these uniis
and relate them to the others, Each unit should be
understood or thought of in terms of its funétion in
the circuit. Also, try to visualize the actuai unit
position in relation to its pos;'ttion in the schematic.
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1§-3. Wiriq Din;rln. This rtype dmgram
illustrates the actual position and connection for
cach piece of equipment of the emphasis
not readily used when mm agempting o

- understand the operation of a ‘circuit.

. H-4.Noctnhpgn.ﬂreasmnﬂuaitsofthe
. ; system are drawn in the form of blocks, and their
relationship to ecach other is indicated by
appropm:e connecting lines in a. block diagtam.
The tion or sequence -of operanon is often
indicatéd by arrows,

11-8. Un-dCulew-.Oﬁmcaneda
drgwing. this illustration is a2 representation of an
electrical circuit and its connections through the use
of lines und symbols. They usually contain oaly ooe

»

simple circuit, which stases7jit the poweér source and .

terminates at 2 ground, or. vice, versa, Figure S is
such 3 circuit. In it you can see that the power
sQuree is represented with a negative 24 V (volt) and
. 2 ground symbol You shouid remember from your

' resident training that the X in the line drawing
N indicates that the device, which it repres¥nls, is
N opegated. For example, the BOL above the X in the
\ . line drawing of figure 5 identifies an operated refay

in the J5S3033B equipment. Because of this relay

-
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operating, contaot 12 is.operated. As a result, relay
A in the J53033M equipment operates. The
operating circuit for relay A also includes
nonoperated contacts 3 (relay Al), 3T-4 (relay ST),
and 1T-2 (relay B). In addition. two terminals (36 &
38) and the ST1 lead are in the “circuit.

11.6. Remember that we have illustrated sample
circuits of one telephone system: You can use the

same or similar methods for "ansiyzing and
explaining circuits and opergting procedures for any

telephone system because ail electrical circuits have
a m,que. resistance, and cuirrent relationship.

u.vau.e,nu&-u.mcnm:
Relationship I Electrical Circuits

12-1, W, that electric current is associated .
with woltage resistance. These three factors are
1 ) . i
] PRI RS Y] . { ELSL: 337 ) i
- i i
~y A i -
I Py it s n“ b ST Ag‘i xm:h Ilf‘
1Y : R ¥ T
i- ] {
Figue §. Line and contact drawing for a key system cucuit
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" Figure 6 Semple chactrical mircuit
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W be found in direct-current, nlmnng-cﬁnmt.
ant every other electrical circuit.

12-2. Dixvct-Cusrent Cirquit Amalysis. Let us
look.mmu.ﬁgure-tmduﬁmem;aﬂm
values | ‘ordiepurpmedmly;hu‘&iswr To
illustrate, assuming that relay B has 400
resistance, we can dae:mine the - durrent . that is
mquued:oapermthu,tday 'You:hmldrw_luthn
a method used for this determinatiop is
ulledOhmsLaw We know that acconding to this
law, theruuanceudxmdedin;othewﬁase(l::
E/R or { == 24/400). Asamsuh.dummmmtfor
- our - simple kircuit is .060 ampere 60
milliamperes when contacts 3 and 4T a&laﬁAm

made (relay A is operated). Ouranﬂymshmtint
’ the operation of relay B also completes the cireuit to
reldy FLI. What, then: would a “milliammeter
register if placed between contacts 3 and'ST of relay
B“!

12-5 We immediately* recognize that it is
mpw:bhtbdmn:uthecumtfumy&x
whilt mﬂhmahwm:mmmn
. Again, we could assume s resistadice ©

unshw.bu:uumuqrm
used celay B, and we will use it again in
dupm- want you o recall that by placing
mnh:mmauludsammmamd-ﬂ'
hws th the circuit, This is a
ber. Likewise, you
-meter controls so that the meter is
h;huhnmmhupmng
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totally m'w relay B  contacts 3
and- 4T together, theopenﬂn‘ it for relay
1 was eomplucyetbe‘ﬂm : IT

Conlcqnendy'.)on maytonsider relays Band FL1I as
being paraliél opera rehy:uthcmomm:mt:
relay A is releasad

" 1245, thmmeofthenﬂam:mleam
about parallel devices in electrical circuits? The
voltage across each device is the same and the
current from the: power source splits through the
branches. This current is determined by the branch
resistance and the total woltage. Furthermare, the
total resistangy, iw'a circuit is less than the
,smsllat branch . resistance.” Figure 6 will help us
¢ review these rules. For instance, the iwelve .chm
resistor has only two amperes of q * .en", whereas the

+ . smaller (8 ohm) resistor has three amperes.

360V DC

215y pC
150V BC
2iov pC

225%Y DL

\ VOLTAGE |
L}, REGULATOR
- -

Figure 7. Communicasions equipment ichemaue diagram.
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Multiplying the clirrent: in ea;ch branch ' by its
resisiance reveals thit the voitage for each branch is
24 woits. To determine the towi resistance for the

mmut.meﬁhmsuw(n-fm As 3 resuit, the

tmum:s48u&mm.
12-6. We uwsed Ohm's Law for detcfmm.mg

current in a de crcuit E = [R and R = E/l are

F s
| ©

bt )

- also.-

N

Figure 8. Generauon of ac. e /
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has 400 volts ac, How is this i

also applicable. Ohms Lm“ uuful n ac circyjts
N &

13-7. Altersating-Curvont Circuil Asaijsia.

nmumﬁﬂmammii?wuuuu
woliage -

input source; m.thephuexmu:fonhc

possible? The information in the  following
paragraphs pmdu the m to this question. -

12:8. We know that mady effacs\tuuk from

magnetism. Magnetism enables relays to function.
quumaﬂ‘mmﬂummmm

equipment which uses them. You will find the -

information in Volume 4. Mutual induction. and seif-
induction are magnetic effects. Althaugh magnetic
effects may actually be insepirable, we will view
them as individual elements. We will fiest review the
mdammtﬂmﬂmmgm
alternating curreat.

. 12-9. Generating alm-na:znf current. 'The
demonstration shown in figure 8 is representative of
those that you saw in the resident course. It reveals
the three factoes which mnecuaxyforzmennng

alternating’ current: 2 magngtic field, a. looped '

conductor, and motion. You can see thar the
movement of the coil onto (fig. 8.8) -and up from
(fig. Schep«mxnea:masnetsrdkctedbyd;.
meter. The meter pointer moves first o the 5 at the
right, then to the § at the left. This same principle is

used in a generator. In the generator, the coil .-

windings rotate through a permanent magnetic feld.
You ‘learned that the number of lines of magnetic
force which are cut per second by the looped!
conductor determines the strength of the voltage that
is induced in the conductor. There are a greater
number of magnets and a2 larger number of
conductors in generators than have been shown in;
figure 8. These additional condxnmmdmagnenc
poles result in an increased voltage and frequency
for the generator's output ower that ‘which is
deveioped in the demonstration. Remember that the
same effects result if the magner is moved and the
coil is held immovable. .

12-10. The major difference beween ac and dc
generators is theift external coanections. An ac
gmhbnuhqmdsﬁpﬁnp,wmad:

has brushes and a’commutator. Figure 9

two magnetic poles for a generator and the

which rotates betwéen them. The output
voitage developed by this rotating armature is called
2 sind wive. The peak voltage is produced by
conductors at the 90° and 270° positions of rotation.
Wemwmmmm;nkmlusm
since the equipment nodmally ‘operates with the
effpctive value of ac. Eich sine wave represents an
ac cycle. The number of cycles provided per second
resuits in the ac frequency.
‘NOTE : Afrequmcymmtfmbeenadnpwd
in the electronic field is the word “hertz,” ‘Herz has

=

-

. :"_:.‘-



‘secondary of T, (fig. 7) to 400

1

*

,‘thcummmunsascyc!apersecoﬂandnu
abbreviated ‘as hz. thhesamemken.tbemm.‘
“khz{ “has the same

“kilohertz,” abbreviated
meaning as kilocycle.

N
.

[

12-11. A mmng magneuc fieid prcmds the -

rransformer action which increases the woltage in the

wits ac.- The

.

-

magnetic field expands and thus moyps throughsthe ~

pnmmwmdmgandunsecondnymndmgofxﬁe
transformer. You learmned that the magnetic effects

on the primary winding is called self-induction. The -

effects produced by the magnetic field of te
p mary moving into the secondary-are referred 1o as

| induction. In both windings, the indiced
mimge is in oppwdcm to the mducmg field's
voltage. .

12-12. Self-induction, The counter or.m!‘ck
voltage of a self-inducing device, which has coils or
windings. cannot be seen. However, its effects®are
very noticeable. Look at the coil of figure 10. This
coil is shown with 50 ohms opposition. We know that
hundreds of feet of wire are required to obtain just a
few ohms of oppositioni~the. resistance of wire is
determined by the diameter of the wire and the wire

E=100 ,
VOLTS "L -1
A-C .
{_\j 50 OHMS Zﬁp viOL:TS
xc —— - E-z
25 OMMSA~ T\ 1C0 YOLTS
fnd AMPS ) _j .

%
.

‘ .
Figure [0 Senes ac cs::‘uix.

O O

A N
ROTATION

]

i ¢
-
-—-h-r lt———-———-—— ——‘—4—
I3 .‘\‘. . . ¢
o TIME ;ﬁmvn

Coe - o
an. 9. AC- sine wave development. 3 ' g’ ‘

-

type.. Wire in the coil of our illusiration, then, is not
likely to provide the indicated opposition. The seif-
Jinduction featufe of the coil provides the greatest
oppouuon for the circuit. The self-induction
opposition of a coi! is changed witf ac frequency
changes.

12-13. The opposition shown for the coil in ﬁgum
10 would ‘be further increased if it contained an iron
core, The iron Core'allows fop a better transfer of
‘magnetic flux befween.the conductor loops than does
" an air core coil. This is the reason for the increase in
opposition. To illustrate, assume that the coil in our
ﬁsmhummxllmmmofxndummeandthantu
" replaced- with an ifgn core coil that has | heary of
inductance. The opposition to the circuit current
should increase to approximately 1000 chms.

12-14. Let us'think about the circuit of figure 10

again. The curremit in the series circuit is 4 amperes
and the opposition” offered by the coil is 50"

Using Ohm's law, you leam that the indicated -

voitage (200 voits) is correct. You should prové the
values shown for the capacitor, too.

12-15. What eise do you remember about the
circuit of figure 10? Is it "a’ resonant circuit? You
should regail that the-opposition of the inductor (X1)
must equal sition of the capacitor (Xc)

when a circuit is resonant. This illustrated circuir

does not show a resonant condition, since X. is 50
ohms and Xc i 25 chms. The frequency must be
decmsedmbmgthemmmqupneqml
value, since Xy decredses and Xc ingreasés with this
reduction. You alsd learned that d impedance of 3
resonant circuit nrequalnmefuam since Xo

opposes Xc. In figure 0, the resistnce would be

shghzatmmnubecammereunomnmrmthe'

circuit. Consequently, with minimum ogposition at-

the resonant frequency, the current s high This. .'-'

illustrated figure also reveals another charac:erme
of ap ac cirguit with a series inductor and &apacitor.




».

-~/

.t]j&

X

Lo

fﬁnmﬁwmcybutuhxsh

<

»

-

_mmm:(bcps)nnohetmmep

2

ltueffecmebeamettamnaa

other frequencies,

12-17. Figure 11 mus:rates a paralh{
arrangement of a capacitor and an inducgion-coil.,
mcemeymmpamlelm:hthcmmdm
we know that gach device has 100 wits applied to it.
Thus. you _cancheck the I circuit values wi

Ohm's law to vetify mt%mm The total
current shown fos the ci this §gure shouid
Jielp you remember thas . this xype of circuit is..
dumctmzed by having minimum current ax
resonance. Also, we can conclude that a circdit "
which has minimum current must have high

impedance. The primary need in equipment with this
ype of circuit is voltage sub:hty for one frequency

and good discrimination agsinst the off-resonance .

frequencies. Indeed, a. Prrallel-resonant. circuit is
widely used in electronic circyits for reswicting
frequmc:a while passing ano frequency or for ©
. passing a frequéncy and its (clmely rehned

trequencxes)_

- 12-18. Miwtual induction. We know that thls typc
of-inductiod is aecomptﬁ:d magneticaily lmkmg
the primary circuit of a unit to the«Secqndary circuit.

“Such a linkings device s been . identified as a
transformer, induction coil, or repeating coil. The
transformer can provide a greater or lesser voltage

fmnthemﬂ:ryﬂmquappﬂedmmepnmuy as -

weilasanoumsolageofdx e value.
@Mm&fmo&mmmhuuﬂmys
ummm:pnddconc

. and
secondary determines the witage relatonship. You
learned that 8 transformer which has the most turns
in the primary has am output voitgge lower than its
input voitage. Of course, a transf o have a

combination of step-up -and step-down secondaries. -

Transformer T, of figure 7 Has three” secondaries;
two are odm‘mzypﬁzndthe&nf_duamp-up

” / ' &

: m.m&mummmmmue
: _magnetic . flux transfer provides for increas.d
< ‘Ftlmlt huﬂcff&m ' efficiency. T, of figure 7 contains an iroa core, a3 is-
The voitage at each reactive device is high whig: symbohu:;ﬂ m a:'mh": d\emmn:m:
~comp:md1ntheup(uvume _ .~ link between primark and secondary, it is logical
1-!6 A sefies-resonant’ tuuudmﬁlmr that any change in one will affect the other. A

. ired ﬁmgammud(m dpcmummehd(omuidon)f or. the secondary ,

_ -"mmd. “10 pass the undesired: secondary

1220 W'tmuthetonloppamunoﬂhempu:
sircuit for the equipment of figure 77 You know the
imum cummandtheapphed voitage; therefore

@l resistance can be determined by using
Vs law. Hence, you use R = E/L The tomi _

':'!

isance is 23.4' chms. ' ¢

. 12-21. Figure 7 shows six dc potentials as output
voltages. What component provides the differences
in voliage values? The answer to this question is a
resistor or several resistors, anmmcfu% )
spoken of as current limiters or voltage limiters,

. 10,000-chm resistor (Ry) provides the |15 woit -

- difference in output.voltage at'C, and C.. NOTE:
This voltage difference will be seen only if there is
current in the vbitage regulator, which indicates that
the circuit is operating. '

1 m <M Ry <

- . _

A8V
- A B
.
an > Ry Ra>gq
S
‘ ¥
t . v r
Figure |1 Series-pauraiiei bridge circuit
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. ' NI / nchbnmhmmmmh.m;sA
e Coe ) B.F&smlssﬂnmumauﬁamtz.m e
e sy * the: ilineasion: is diawn: mm‘ . =
T P - diamond shape of a bridgs Fordnbdd(c to
' im\f +be complets, however, there must be; a2 load of some
2 ‘ kind connecied betwesn terminals A and B. This
- 1 may be a resistor, coil, or any one of numerous |
¢ ) clectrical devicss. In most test equipment, it is '
. normal for the device in.chis position to de a
;n!nmuar The galvanometer shows the current
‘ dpc is flowing when the bridge is unbalanced,
B . -26. What makes this bridge circuit balanced?
L . < bodge cecuit Tbe to this quastion: is that 8 balanced bridge
* Figure 13. Basc bndge circuit has Ao potential difference betweoen terminals
¢ ‘ Y ) AmdB.Amocdqtmdoanmdowu .
) A 12-22. Our discussion of the’ foi'e;om;' determine when a bridge circuit this is :hmq T;:
bt p&mﬁp&nhnshomseve | things. Bristly, they, - comumon methods by wikch this may be doae are
‘ ? ratio relation method and the Ohm's law method.
qOhmtuwmbelpphedmauypmda - We will firt show the ratio relation method.
mmutorm:hecomplaccxmuwhenm lz-ﬂhﬁgmumebnd;edm!mh:d .
. factors are known. - X artows added that shoey the relation betwesa the four
S b. Vouaseatachpﬂﬂlelbnn:huequal - resistors. Note that Ry is twice as large as R,, and R,
¢. Resomance is a circuit mnd.\uan where umeeuhrgeuR,‘nmd«e.wunseeme .
reactances are- equal, relationship that follows: , o j
:iMignmmpmdaguny‘fmmmform . L, '
- electrical circuit. © — R1 R 2 _3-:1
' oy ﬁi o At
* 12-23. Four additiondl rulgs are ajso true. You R Ry
/ learned this in your resident churse study. They are: | ' .
¢ Total ‘current is equal .to $he sum of the  Erom the above problem, it can be seen that the twe
.Cusrents in ‘parallel branches. - branghes have an equal ratio. Furthermiore, the ratio
mem:umcnmemeachpanofase:m for resistors R, and R, is equal w0 the rato, for ,
circuit. <' resistors Ry and R, (3 = ). This, the circuitis in -
c. Tolal resistance is the sum of the resisors in a balance.
" series circuit and the reciprocal of the sum °f';; --12-38. To check the circuit by Ohm's law, we
the reciprocal for the resistors in parailel. The /' puet determine the potental difference. if any,
product over the sum method is aiso useful for bemeentcrminalsAandB To do this, follow four
determining resistance in a paralle! cu'fun. in . steps:
ame cases. . Dmmx tanc branches A and
d.Tommlt:geuequﬂtothesumohhed}ops () netbemu e of =
\“‘ each loop of 2 series-parallel circuit. (2) De&erminexﬁe current for branches A and B.
- (3) Calculate the voltage for terminals A and B.
bndge cireuit is basically 2 parallel arrangement " terminals A and B. ,
with a3 load «f ¢~me sort connected between its
branchés. It » «d in numerous appilcations in G
communicaucas t.eld, especially in test equipment .
. and power supplies. Bridge circuis may be | e
i’ construsted with gither- fixed or adjustable " '
mmwnmuandmymmnsuditmuﬁxed‘ ; ) _
mumnmbhmhmdm,updmw‘ ﬂ?v T

nductors. In addition, the bridge circuit may be

regarded as balanced or unbalancéd. We dvm fim'

consider a bul;nmd bridge.

.12-25. Balanced bridge circuit. Inﬁ;ure 12 you
can see 2 parallef ci ‘mhwot‘mbnncha.

each having two series connected resistors. We know |

that current flows in each branch and the two  °

currests join to return to the battery. Near the center

o




Figure 15. Unbalanced bridge émz:.u_n

12-29. Since the resistors in each branch of our
bnd;ecimtmmlu’iu.manlddmmmget
the total resistance of that branch. To iilustrate: 2

ohms plus 4 ohms in the A-terminal branch results

in 6 ohms total. The B-terminal beanch has 9 ohms.,
The voltage at esch branch is equal to the applied
voitage (I3V). Now, we have the voltage and

- resistance; hence. wecansohefnttbccumtm.
each branch. Using | = E/R, we find the current to -

be3amp¢ra mbnnchAandZamperesmbmch

12-30. Return to figure lSandptcmreR as
having 3 amperes and R, as having 2 amperts.
Agdin, we have two factors for each resistor,
Therefore. we can get the voltage at thoge resistors
by using Ohm’s law. R, has a wpitage drop of 6 yolts
and - R,huawltagedmpof&mm_'rhcume
proceduresdire used to get the voltage at resistors R,
and R,. ,

12-31. Now compare the voitage at terminal A to
the voltage at terminal B. Since both terminals are 6

s negadve in respect to positive batuery, it is
evident that the circuit is balanced Of course, you
can also consider the two terminals 12 volts positive
with respect to negative battery. Again. it means that
the circyit is balanced because there is no potentisi
difference between terminals A and B. [f a.
- galvanometer is placed between terminais A and B.
there will be no current flow through the meter.

12-32. Unbalanced bridge circuit. The
unbalanced bridge circuit has a potential difference

Step. 2 (currént chrough huwmi)

S I*!IRA !'u--'t’.’mm A

I-FJR' l--fi-- l.ﬁmm.

Step!(vomeupmmAmdB.whmcampned
to negative battery terminal)

 Ep"IR E=1.2x 3 chow =3.6 wits
Eg=IR E-ﬁmmx € ohime = 9 volts

Step 4 (potentisl dm':nnce baween terminals A

lndB) .

~E, ®9-3.6=54 volts
& 3

; {2-33 As you ¢an se¢ from the above
calculations, point B in figure 15 is 9 volts positive
mthmpe:tmmenqambammrmmu Point A

y 3.6 volts ive wth respect to the same
termuul Comparing paint A to point B, we see that
B.is 54 volis positive with respect o the former.

- This difference in potential permits current o flow

from A 0 B.whenever a load is ‘congected between

_thcmurmmds.cﬁcoum the " current is

a

between terminals A and B. Therefore, current will .

nuwmammmamthmmmdbewn

them. Tosotwforcxmmuluummwnballmed.

bridge. wie the methods described with the balanced
bridge. Take the bridge of figure 15 as an
iljustration. Use the Ohm's law method and follow
nthe four sieps listed in paragraph 12-28.

Step | (resistance qurzn&a)

R, + Ry =3 ohms + 12 ohme = 15 chms.
R; + R =8ochms + 6 chms=12chma

L)

duemmedby.ﬂwuzeofmummmgmdand
the. potential difference of the termimb '

12-34, Adding a gaivariometer- to
changes the total resistance, which in changes
the: current in the branch' resistors. As Y resuit, the
voitage ‘is likewise changed:for these resistors. To
illustrate, - assume that the resistance through a
galvanometer is zéro. A conductor with zero ohms
placed between terminais A and B results in making

v

-t

)
i
{ B
4 .
——

18V

20

»

Figure 16, Two paraliel cincuits v senes.
.8 . .
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a new circuit. Compere figures 16 and
has

S and not
the differencs. This shurt circuit two

i

mmmm:mmm«mmm
mmmi&m&mm The following
solutions show the new circuit vaiuss.

Step | (resistance of branches)

R, x Ry
Sy - 38 =B eaomm

Ra«R, 12x6 _72
TR, - 13+6 18 ‘obm

Step 2 (total resistance of branches)
B,‘;B,‘-zqhm+ 4 chms = 6 ohms

Step 3 (total
18
1"313‘!'—6—{-3mp‘m

Step 4 (voitage at each branch)
R .

3x 2obme = © volts (circuit 115
3 x 4 ohma = 12 voits (circuit 2)

Step § (currehz in each resistor)

= 2 amperm (R,)
= 1ampere (R;)

= 1ampere (R,)

A A fpen
mIN Nlm ;o |t -S .

= 2x.mp¢r.ﬁ{3‘)

R,. In the same- manner,

Figure 15. Bridge circuit with vanable resisior.

12-35. 'nue new values, with & galvanometer
bétween the terminals, are illistrated ia figure 17,
From this illustration,-note that 2 smperes flow

R, yet caly 1 amperé is shown for resistor
R, has 2 amperes,
whxie&,hu y 1 ampere: It is evident, thef, that |
ampere mustilow through the gsivanometer {from
point A to point B).

12-36. The solutions and dcs:npnan of the
precedms paragraphs reveal that losding a bridge
circuit with a galvanometer changes the ‘cyrrent and.
voitage from that to be noted when the circuit ts not
mnded.méfmtumwwbeﬁfml«d:lowor
high resistance.

12-37. In psmgrnph 12-24 we mentioned Hat

bridge circuits cnuld confain variable components.”

Figure 18 shows a bridge circuit thit contains a
variiable resistor. This registor is used to balance an
unbaiadced bridge. When current is noted in the
gaivanometer of the bridge circlit. the control of the

variaBle resistor is rotsted uptil the current cedses in

the galvanometer. Look again at. figure lSand
determint the resistance required for R, w

balancing the bridge. NOTE: The slider reducej the
resistance by short-circuiting sesistance windings.
The answer to this problem can be solved by the

nnamhvdﬁysqbanmm;;forzpeum"'

resistance, wcansolveth:pfobiembyuungme

ratio’ formula: © - | .

o
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" solid stags device in.g manner,which

.

»'hzsprowdtobeofvilueme!e:m:qmnu

mN&meﬁummm:am
ﬁohmﬁlmm&wmhmmﬁm .
the fused: unite. Esch devics hai 2 Jow-resistance

.. direction bl & highsrasistance. {reveest) direction. .

“Ongs’ the requirgll posential is "spplied o the devios - -

mmm@mmmmm

thmgh;mmmdopmdnp.
12-40. Slmplc diode circuir.
r “forward fias” is the application” of voltige w0 8. * -
permifs qurresit |
to flow in the forward direction. Figure 19.A, shows -
ammmmmﬁmmus“x
result, the milliamddeter in the externml circuit
registers s fullscale meter deflection.
- Reversing the connections of the bactery would cavese -
a gecduibtion in the current—because of the electrons:
in - N-type material would be atracted joward -
posifive hattery, and at the same time the positiely
‘charged holes of the material would have a gregt
- attraction for negative battery. As 3 result, the space
chmeamhmombmsdm‘d.aﬂ:hcgmfm :
elec:mmmdbolummhme.ﬂsuﬂl?.s. \ o
* the effects of mbm"cna?N—typelnhdmte ‘

dioda " SRR

12-41 Wemlm mm:ajumondmécu
.-compunbletoamnﬁs current flows readily in
onedxrecunnandummctdmmemm,,
direction. We know, too, ‘that a device which
- ptovides’ one.direction (unidirectional) current” flow
is also referred to as a diode. The symbot of figure-
Zﬁuudmthmuﬁm.ﬂ:eemmerandcoum
. nomesiclature on the s}mbol ‘designate the recnﬁer
asajmmndiode.

1242, App!ym(mveruhmma;tmandmde'- "

although this condition s used to a lesser extent than:
u:heapphuumdfmmwmmem
" bias voltage is sufficient to breakdown' the ¢rystal °
‘and allow varying’amounts of current to flow, the
~ junction diode performs as a soltage regulator. For

"7 this regulation to be possible, a proper load resistor

_mustbephcedmmm:hthedmde Fisumzl

: Wemnmmmtk,mmbgad;m:oéohm shoukd enable you to recall thcpmdphcfvom_

A » 1 balangs the bridge. Any other resistance, above or  “regijation while using 3 Zener diode. While looking - -
. beibwéohm.umapouuﬂdiﬁmcemn at this cifcuit, - sdsume that thg jpput woltage has -
“rm .~ terminals A’ and’' B. This potentisl difference i - mmﬁmwmenlpphedmm‘-
- ,{, ’ mdmu\v.ofmmbﬂmedbﬂdge mm&andmfmecdhdccn. This ‘oltage .

- 9. 35“‘ s‘.‘. Cl!uit .Illh”il ll' lﬂm&m mmmlm‘ ﬂﬂl’ﬂ“u'
A ‘ beelni:cnbed in wires, resistoss. émlsqm Yh: Nevertheleis, the increase in current does not result,

: 0 .leamed in the resient course that e ‘N-type * in a woltage change at the terminals of the diode.
;"", - . mn@mﬂwmmdew wmm“mmmm“m has
- .. ' .. movement. The P-type mxonductarume(ul‘ff ‘ .

. mwupwbymum You /4 EMITTER ~ )
R DU also learned that the electron has a negative chiurge, - \ e
‘ . whermmehohhnapmu\cm The .two «'\' :
- mdmmmmw\cmnmdw COLLECTOR .
© form solid “state diodes and tensissors .
ot ‘ " 12-39. Combining “a P-type semiconductor with ] Figue 20, Recufier symibole.
“‘..e . ‘_ ' 33 ‘. ‘ ! 'i ‘ |
‘ ) ) 1 . . . f) ! ’
. : ' »
- . ‘_{_'(,
ERIC ) , o, ‘
TR VA _ _/ L ' -

wﬁkmwchn@..
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- signal differences. Since each

»

kazl.Zudhaunvoh;gcn:m. .

v

00 change in voltage. Changes inmmtoriolﬁge

in the power source ot in the load are compensated
for by the Zener diode. In transistorized equipment
you may see Zener diodes used as voltage regulators
because they are small, have excellent regulstion
characteristics, and gequire a minimum of power.

1243, Silicon diodes are being used as rectifiers
i0 many electronic powe? supplies. Their small size,
light weight, reliability, lack of a need for filament
heat, and high voltage ratings are reasons for their
use. They can be used with half-wave. full-wave

(bridge type). or center-tapped transiormer rectifier

circuits.

1244, Transistors can provide most of the
functions required of electronic equipment. While
providing the function, the transistor does not
deteriorate, requires a minimum of power, takes less
space than most electronic devices, is  shock
res'stant, and has a very high operating efficiency.
Included as its functions are amplification and
switching, at either low or high speed.

12-45. Simple transistor analysis, A transistor is
also ussful in electronic circuits. This device consists
of w6 wnits of one type semiconductor material and
® 3 unit of the second type. Current flow in the
can be either forward or reverse. You also leamed
that an oscillating potential is provided, in addition
o the battery potantials of the transistor circuits.
‘Consequently, the woltage for the tramsistor will be
alternacely slightiy higher than or slighdy lower than
the bias d&r by the Batery. To illuscate: if the
voitage, of the bias betery is 6 wolts and the
ceciiia
control voltage will vary from 6.5 to 5.5 ol

12-46. Because of amplification, many functions-

’:u'epc-.nb" le. Each function- is often identifiad

individuilly Decause its eff ult in obervabie

is com:
thouglk 10 be used separately, Me will describe each
© one inde_uany. .
J' L]
- .

transistor is the result of a bias. Likewise, its bias -

(gemerator) potentisl is 0.5 woli, the

12-47. Amplifier circuits. You have learned that
voltage, current, or power can be increased
{amplified). lmhmqnﬂm mamuﬁ“ can be
amiplified as high a¢ {000 times by the transistar
(stage). Amplification is described
between the input and output signais. For example,

assume that the signai for the generator in fgure 22
_is 0.5 volt. Assume, too, that the woltage at the

collector connection (oc load resistor) varies from 60

to 55 volts. Thus, the cutput change is S volts. The

signal has been amglified 10 times by this transistor.

. The coanections which make transistor amplification

possible are ot aiways the same becsuse we want 3
variety of results,. For this resson, transistor
amplifiers are classified as follows:
- (1) Common-base smplifer;

*(2), Common-emitter amplifier,

(3) Commoe-collector amplifier.

'1248. Commoa-base amplifiers are also referred
to as grounded base . amplifiers. The circuit
illustrated in figure 22 is 3 common-base amplifier
circuit. This type of circuit has very low current

* amplification and a moderate yoltage and power

stin. Coasequently, it is not the most valuabie
amplification device. Figure 22 reveals that the input
signal is applied to the emitter and that the output
signal is reflected by the load resistor. If an NPN
transistor had been used rather than the PNP
transistor, the bateries would have been reversed,
but the voltage phase relationship would remain the
same. In other words, any positive change at the
emitter causes an increase in voitage across the load
resistor. With the preceding changes, a2 signal
reading at the collector would temporarily be more
pogitive. Vice versa, a negati < iignal at the emitter
resuits in 4 more negative s, mal at the collector
output terminal.

12-49. Common-emitter amplifiers provide high
voltage and power gain; thus, they are used aimost
exclusively in amplifier circuits. In addition, they

PNP

EMITTER COLLEG R

By 8

<
||~

"mmummmgqnm.

as the difference -

f~l
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Figure 13. Common-eminer amplifier schemauc Jdiagram.

vield 2 moderate current gain. Figuge 23 shows an

amplifier stage which has the emitter connected to a
grounded resistor. The base is receiving a signal

from a coupling capacitor. You can see that this -

type amplifier has a phase reversal between the base
and the collector. Note, then, that the operating
characteristic of this amplifier is opposite to the
characteristic which you saw in the common-base

COLLECTOR -
Cy =
[/ N BASE /} . )
1 C v} , _ : '
-1 EMITTER
_ N _ “
‘ T
ri R! ,{ tt -
‘ Coma ‘ igg
| = *T 18
. =
Rz . . -
.
' . N
+ <
. BATT .
' Fi;u::c 4. Common-collector amplifier cuxws .
\‘ v
\
L
s 0Q . )
&." \ . ' @ .
) 4 K
e - - s : e ST

'ampliﬁer. In wis circuit, the positive incoming

signal opposes the bias voltage. This effect is
comxytnth:pe:formmeenotedmthemmon
base amplifier. Thenqmngmla:fhcmmmon
emitter is also opposite in ¢ffect 0 the negative
signal at the' common-base amplifier. R ber:
achsmaudnugemthem\um:m ina
large change anheoutpmcf the ampiifier stage. For
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Figure 25. Schematic diagram of 3 class A amplifier uSINg transistor. . |

" example. 1 wolt of change at the hput can result in a
10-milliampere change at the output. Of course, a
current change is accompanied by a voltage change.

+ . Resistar RRstabilizes the ampiifier by following the
changes in® collector current. To illustrate: an

“increase in collector current causes the voltage at R,

. tojincrease. The reduction in pofentiai between the

base and emimer reduces the “bias current, thus
keeping the amplifier within its correct operating
characteristic.

12-50. Common-collector . amplifier
characteristics are low woitage and power gain and
moderate gain in current. Therefore. this amplifier is
used only in special circuits. For instance. it is useful
as an impedance matching unit, Figure 24 shows this
tvpe circuit. In it the collector is connected to ground
and the emitter has a positive. potential when
compared to the collector. In addition, the input

signal from the preceding stage is applied to the

base. This amplifier stage compares with the
common-base amplifier in that it also has no
reversal of phase between the amplifier input and
output. It can be seen. too, thas the output signal can
be mken from the emitter, A negative input signal at
uwbaseofﬂaemmismrofﬁm24ruuluin.an
increase in current at resistor R,. As a result, the
voltage drop at the resistor is greater following the
signal application than it had been before the use of
. the negative signal. The increased witage at the
resisior results in a more negative output signal.

N

,1

Agcordingly, any base woitage change is followed
‘directly by an emiiter voitage change. We can ses |
the basis. then, for referring to the transistor as an
emitter:follower amplifier.

12-51. We have said that the common-cx"hincr
circuit is the most acceptable transistor amplifier.
You know from past experienice that the circuir is
useful in many ways. For instance. it can be used as
a class A ampiifier. class B push-pull amplifier. or
In several other applications. Let us now consider a~~.
representative amplifier circyjt and determine some -
of its effects. B

12-52. Figure 25 is a,s&-:eman'c diagram of a
class A amplifier stage. Current will be in this
transistor continuously, The input signal is fumished
through a coupling transformer by another amplifier
stage. The prccugﬁg amplifier could be a vacuum
tube or a transistor. The output signal from our
tllustrated ampilifier is coupled by a transformer to
the succeeding device. Bias voltage is provided by
series resistors R, and R, We have seen that R,
provides smbility and keeps the stage operaung
within its normal linédr characteristic. Accordingly,
a change in the R, resistance will result in .a
distorted output signal, aithough the input signai is
normal: In the same manner. a change in the
resistance of either R, or R, will affect the bias

current. which in turn distorts the output signal. This

amplifier stmge is not. often troubled with heat
damage when used as a preamplifier because current

",
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is small. If.a class A amplifier is used as a power
stage, there is a possibility of high tem from
the heavy current flow. You will then see that

tem componentt are inuluded
mm%mmma -These compensation
devices p deacurrgntfeedhckandpmdum

some signal distortion such compensating
device is the thefmistor, which has /a .decresse in
resistance when the temperature rises.

12-53. Now that we have fpeviewed the
fundamentals of elecwonics and described some of
the cffects to be noted in circuits which operate
because of these principies, let s devoie some time
to smdymg trouble amiysu. '

.’

1. Ptindphs nfTrouhh Amalysis

13-1. Seamhmsformbleupand’yourjob.()f
course, in your career field some troubles are
brought to your atteation by the telephone user. All
dct s provide at least one wouble symptom.
‘ fore. 2 knowledgeable repairman can
recogm:e the need for locating the fault A
knowledgeable technician knows the types of faults
and “understands the. conditions that causg .the
different faults. Successful troubleshooting resuits
from good procedures, accurate thinking, and
practice. Troubleshooting requires you to think
logically and use a sequence of basic steps. Study
your telephone equipment so that you know the
trouble symptoms: and where’ to start looking for
troubles when a symptom is noted. .

13-2. Having identified a trouble symptom, you
then should try to analyze the equipment and isolate
the fauft to a particular unit or circuit. An analysis,
however, seidom determifies a specific component
withif the unit as being ‘open- or short-circuited.
Your experiences have shown the meaning of open
circuit and short circuit. An ogpert circuit has no
current because the circuit opposition is infinite. A
shorted circuit has less than normali resistance and
.an inereased current. If you need Yurther review.
theit definitions are included in the glossary. You

may see an intermittent (disappearing) open or
#short. This type of “trouble is caused by a loose
connettion or. a lemporary moisture condition.

Visual inspection may be the only method for
finding the defect. Permanent troubles are generally
found by analysis and testing, since thcv remain in
the equipment.

13-3. We will consider sample trouble symptoms
and prababie troubles for the circuit of text figure 7.
To tllustrate, lamp D81 is not lighted when' you look
at the panel of the power udit. What fault could

.5 ‘ | -
- ~

analyze. Most defects result in more complex
analysis procgdures.
13-4, Assume that you have iearned that the
powerumtunotpxwdm:adeqmvulttn,yet.
sshen looking at the power unit panel, the lamp is
lighted. Thinking about the circuit of figure 7, we
know that the output voitage+is largely provided by
the operated tubes. Therefore, tube substitution is a
probable solution to your problem.

13-5. Amthusympmofdmh&eformeamm‘

of figure 7 if a blown fuse. Thisduse opens when the
circuit has excesy current We saw in paragraph 13-

2 that current increases when the circuit is short.

circuited. Replicement of the fuse without knowing
that the short circuit is corrected is not 3 proper
procedu:ebe:ausewueouldbummthese:ond
fuse. Therefore, you should open switch SI' and
inspect the’ equipment. Look for blackened
components, loose wires that are touching neighbor
wires or terminais,” and devices that have strong,
strange odors. For example, a charred resistor R,
could result from a shorted resistor R,. Note, 100,
that tube substitution may remove the cause for
blown fuses since a shorted thbe filament also
increases current. The first increase wolld be noted
in’ the seco circuit, but this secondary increase
“also requires an increase in qurrent in the primary.

- Thus, the fuse epens to indicate the circuit fauit.

13-6. Noise is also a urcmt trouble symptom. An
-open filter capacitor and a shorted coil will cause
noise because they reduce fiitering for the g:yw
circuit. Since capacjtor input fiiters are highly
charged at the instant of “switch on.” they are often
more trouble§ome in electronic circuits than are

coils, )

A
13-7. You would use test equxpmém to check the
resistance of- the suspected components. However.
you must isolate the parallel components to insure

. that your test is accurate. To illustrate. look at figure

»

-

cause this lamp to be dark? Yes, an open would .

cause it because no current is to be found in such a
circuit. The open circuit, in this case. is at switch §1.
When you operate the switch, you short circuit the
switch terminsts; hence, the circuit has current and
lamp DS1 glows. This was 3 simple circuit effect to

. .. ‘ ‘.
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16 and note the resistors. You should remember that
the total resistance for a paraltel circuit is less than
the
remaining connected resistors of this figure, you

L

’ ‘ R R2 R3
@ 45v g g §_§‘OPEN
. -« o) ~ ?

Figure 16 Sampie panilel cimgut with open branch.
-

«

A

lowest resistance branch. Testing the two’



0

would find a resistance of 18.75 ohms. Therefore, ©
determine that R, is 30 ohms, you must disconnect it
138 Remember: Safety should always be s

'primary consideration whei working with electronic

circuis. You can be harmed by transient voltages.

- The manufacturer insalls devices for the high

voltages in 2 specific manner to protect the
equipment and the repairman. You need not think
about his reasoa for this arrangement, but you must
mjﬁk‘ahmuthcpmuﬁommmwhmwkin;
with his equipment. For instance, use 3 test lead and
short-circuit the input capacitor to insure that the
high voltage is discharged '

13-9. Summarizing, then, a systematic

38

troubleshooter observes the wouble sympioaxs),
inspects the equipment, anslyzes the circuits. isolates
the fault w s particular -unit, and localizes the
trouble by thinking and testing. By following the
circuit while using a systematic process of
e!imin:?u.pummﬂy locate the fauit in a
minimwm of time. This procedure #iminates the
good circuit parts in sequence. '

13-10. KmmmhﬂyW:miephom
system, it is necessary that you be familinr with its

development and its operating principles.

Remember: the better you understand the
fundamenals of electricity, the easier it wil] be for
you to complete the following volumes in this course.

I
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YTelephone Fundamentais

TO INSTALL and maintsin telephone equipment,
yoummm&hwuephmmdwlepm
systems operate. In the previous chapter, we
discussed basic electrical fundamentais and circuits.

.hmuchapnfwmuexphmhwthaedmi

fundamentais are applied in the transmission’ of
sound.

2. By definition, the word “welephony™ refers o
the use or operation of an apparatus for electrical
tramsmission of sounds between widely s
points. In operatiog, however, the sound of the
speak-r's woice is not actually transmitted over long
distances. but 3 sound similar to the woice of the
spesker is generated at the distant point by means of
electrical power. The sound of the speaker’s voice is
transformed into electrical power at his ‘telephone,
transmitted over wires to any given point, where it is

his vocal cords are recognized by your ears as sound.
As another example, the- waves established by the
vibrating pars of a musics] instrumeny (strings,
sounding board, eic.) are recognizad by your ears as
the sound of music. The medium beween the source
ofvihr:mmdmmuthewmndmgbody
of air. The air at armospheric pressure is sufficiently
dense ta be set in moticn by any vibrating body and

-{0 cogvey the vibrations to the delicate dnd sensitive

changed into sounds that resembie the woice of the |

speaker.

3. Since the transmission of voice by telephone
begins with sound and ends with sound. it is evident
that you, as a telephone man, must have an
understanding of sound amd its transmission
Furthermore, you must be familiar with the various
systems and equipment that are used (0 ransmit the
sound in electrical t'orm. To. provide you with thiy
information, the material in this chapter is presented
under the following ‘sectiony and headings: sound

~ generation and transmission: sound-powered.

teiephony; local-battery telephony, including basic
circuits and components; and common- -banery
telephone principies.

lismdﬁdunﬂuud’rmm

14-1. Sound. as associated with telephony, may be
described as being the sensation of hearing. This
sensation is caused by stimulation of the nerves and
auditory centers of the bmain. The stimulation, of

‘course, is caused by vibrations or sound waves which -

aremznimdwmemmmu;hammr

medium, such as air or atmosphere, The sensaton of
sound is caused by physical vibrations occurring
about us in the -atmosphere. ‘For example, when
someone is speaking to you, the vibrations caused by

a
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membranes in your ears. To further explain the

effects of sound, let’s briefly consider its generation.

14-2. Sound Gemersation. You leamed in the
resident course that the motion of air molecules set
up by a wvibrating body (vocal cords, musical
instruments, etc.) produces sound waves which trave]

! y

m F‘,}--ﬁ

\
Figure 27. Somdn«pmd:edbywhmbtide
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Figure 28. Acoon of sound waves.

outward in all directions from the vibrating source.
The manner in which sound waves are produced can
be undersiood by considering a vibrating strip of
metal, such as the hacksaw blade illustrated in figure
27. While looking at thi$ illustration, imagine that

the hacksaw blade is fastened w0 a table in the

vertical position and that it' is at rest as shown at A
in the illustration. Now, if the blade is caused
vibrate rapidly beck and. forth, two events of
opposite nature will occur as the bisde makes its
initial trip to the right. These two events, as shown at
B in the illustration, are: (1) the biade increases the
pressure in the group of air particles on its right,
causing 2 bunching-up of the particles on that side;
mcz)mhmmmpmmmgm
of air particles on its left, causing local rarefaction
of the particles on that side. Thiy rarefaction on one
side and bunching up on the other occur at the same
time and are caused by the single motion of the
blade to the right.

14-3. While looking at B in figure 27, note that
movement of the blade to the right imparts motion to
the particies on each side of the blade. As you can
see at C in the figure, by the time that the biade has
returned to the center, there is 2 wave of presure
(bunched particies) moving outward on the right side
and a wave of low pressure mdving outward on the
left side. In reference to D, you can see that as the
blade moves o the left, 3 wave of bunched partcles
is established on the.left side and a rarefaction of
particles on the right side. As the biade continues to
vibrate (see E and F of fig. 27), the. waves move
outward on both sides of the blade. These waves of
both bunches and rarefied particles are the waves
that strike the sensitive membranes of the ear,
causing the sensation of sound. x

14-4. As the sound waves continued outward from
their source, the ais particles that transmit the
energy do not go along with them. Rather,: they
collide with their outside neighbors, impant their
energy, and retum to a point close to their original
position. The outside neighbors then react in a
similar manner by relaying the energy w© their outer

s

) o e N . |
neighbors, and so od untj! the energy i issipated
it soals disance from the source. Scienco compires |,
this effect of sound in the atmosphere with the rings <>+

formad in stil] waser when s stone strikes the watet’s
surface. The stone causes & disturbance in the water
and creates a series of waves. Similarly, a gunshot
Creatds & disturbance in the ammosphere. It also:
creates waves through the process of rarefaction and *
bunching of atmospheric particles. These waves, as
mentioned before, are sensed by our ears as sound.

The time required for 4he sound to resch us.

however, shows how slowly sound travels in the air.
Foe example, the sound of a distant gunshot or
e;phbumybeh&dmmmmmey

" are observed. r
*7 14-8. To

examine the characteristics of
sound waves, refer to figyre 28. This illustragon
shows both"the wave front, where the air particies
are compressed, and the rarefiction, where the
particles. are relatively further apart. These sound
waves may be shown graphically in much the same
manner as showing alternating current with a sine
wave. As 2 matter of fact,.when a group of sound
waves are of identical shape and amplitude, they
may be represented by a pure sine wave. If the

Y
wa
£y

i

waveshape is regular in form, the sound we hear _
may be a steady tone; if the shape is irregular, we - -

may oaly hear a noise. As an example of graphic
representation, look at figure 29, where the sound
wave is plotted as a line, and the condénsations
(points of bunching) are shown by wave peaks. The
difference in waveform for each sound aliows us to
distinguish one sound from another. For insmnce, a

tuning fork, vibrating slowly, establishes a tone of .

low pitch, whereas a rapidly vibrating fork (causing -
the waves to be closer together) establishes a tone of*,
high pitch. In addition to this, we may see something
vibrate without, bedring any sound, because the
human ear does not distinguish many sounds below
16 to 20 vibrations per second. Furthermore, the ear
parts do not allow'us to hear sounds where the

number of vibrations is much greater than 20.000

per second

(: VWWWWW\W\J o
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» o Figure 29 Sound waves of music and notse.
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Figure 3. Concept of atmosphenc appearance of "' sound. )

14-6. Sound characteristics provided the clue for
the development of the modern telep . Because
Alexander Graham Bell unders both the
tunction of the human ear and characteristics of
sound waves. he visualized an instrument which
could be operated by the sound of the human - oice.
His knowledge of electricity indicated that electrical
waves were similar to sound waves, and he thought
he couid shape an efectrical wavetorm to match that

“of the sound wave and thus tramsmit sound
electrically. ’ .

i4-7. Sound Tramsmission. Before we discuss the
tranzmission of sound by electrical means, let's
considey an imporwmnt difference between the

transmission of sound and the transmission of

 (_ electrical waves. The transmission of sound always

¢
P

requires 2 medium, The transmission of light ard
clectricity does not Thus, sound cannot e
transmitted in a vacuum, but light and’ electricity

. aan. In the direct transmission of saurxd, the medium

15 usually the air intervening between the sGurce and
~the listener: but other mediums, either solid or
liquid. cafi transmit sound. For instance, a bay lays

- his ear against a railroad track to detect an

oncoming- train that is too far away for its sound to
reach him through air. Also, the American Indian is
reputed to have been able to detect faraway footsteps
.‘byprmmghiseartgmeqound. In both of these

!
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cases, the denser medium carried a given amount of
sound farther than the sound traveled in air. This
inci le is also used in the undeywater detection of

14-8. Now, let's discuss the ramsmission of sound
as accomplished by electrical means. As a result of
Bell's. work, the telephobe became an instrument for
converting waves of sound into waves of electricity,

and waves of electricity into waves of sound. As N

sfated previously, sound’is a vibrdting disturbance °

-among the molecules of a substance. For example,
the sound of “00" in “locse”™ produces a disturbance

in the ais similar to that illustrated in figure 30.A,

‘Note that the successive coadensations and

rarefactions mawch the waveform shown in figure
20.B. ya ‘
14-9. By present smandards, Alexander Graham

" Bell's telephone was a receiver that consisted of 3

thin reed of magnetic material attached to a smail
drumhead. Mounted above this reed was a coil of
wire wrapped arbund a soft iron core. Figure 31

.Shows both the' Bell telephone and an early bar

magnet receiver. Note that with either of m%
instruments, a coil located within the field of

permanent magnet ‘has leads or terminals for
congection to a line circuit. Both the tweiephore and
redeiver have a diaphragm that can be moved by
sound waves, and each diaphragm is arranged so -

e L—
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Figure 3|, Eary telephone amnd receiver,
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Figure 32 Telophone symem function,

that is- movement will affect ‘the field of the
permanent magnat. With such an arrangement, any
movement of the diaphragm by sound waves causes
the magnetic fieid to induce a voltage in the coil.
This woltage is of the same waveform as the sound
waves that caused it. Also, if the coils of these two
units are comcolad together by a line circuit, the
voltage induced in one coil by sound waves will
catse the diaphragm in the other unit to vibrate. The
vibnation of the diaplragm ia this Iatter unit
‘produces sound waves that closely resemble those
wriking the disphragm of the first unit. Thus, sound
is transmitted from one piace to another in the form
of electrical enerygy.

14-10. To further clarify the transmission of
sound by telephony, look -at figure 32. In this
illustration, the man on the left is speaking into the
transmitter of a telephone. The sound waves leaving
~ his mouth strike the diaphragm in the transmitter,
causing it to vibrate. The vibration of the diaphragm
induces clectrical waves in the transmission line. As
-the electrical waves enter the receiver, they vary the
sgrangth  of the magnetic field, causing the

’ m in the receiver to vibrase at the same rate

diaphragm in the transminer. Thus, the words
spoken into the transmitter are reproduced by the
receiver diaphragm as sound waves,

14-11. The fundamentsl principle of telephony
may be summarized by the explanation tha: the
sound Wwaves of speech are first coaverted into
ciectrical waves by the telephone transmitter;
secondly, they are trammitted over the wires in
electrical form; and thirdly, the receiver converts the
clectrical waves back into sound waves which, again,
correspond in waveform and frequency to the
original waves. The listener, in his receiver, thus
hears words ~orresponding 10 those spokes into the
distant tranamitter. Various types of telephone
syseems are in use, but this underlying principle is
common © them all. 'To explain the various types of
telephone systems, we will next comsider sound-
powerad teiephony. :
15. Sound-Powersd Telephony

15-1. From the standpoint of how they are

§

42

powered, the telephone components and systems

used in the Air Force are of two general categorics:
sound-powered and bagtery-powered. As the names
imply, the sound-powered components develop their
power from sound, while the badery-powered
componsnts use bageries. The largest percentage of
all telephone systems and s, used either
commegcially or by the Air Force, are of the banery-
powered variety. The sound-powered _components
are normally found at special instailations, such as
powered components are used to some extent,
however, you should be familiar with their operating
principles. To explain these principles, let's swart
with the sound- transmitter.

15-2. Sound-Powered Transmitter. The
transmitter oa a telephone set is the part into which
yoi spesk when engaged in a telephone
conversation. Since the sound-powered ransmitter is

sometimes uwed with audio amplifiers, adio .

transmitters, etc., it is also referred to as a dynamic . .

microphone. However, for our purpose in telephone
work, we will refer to the sound-powered unit as a
transmitter.
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Figure 33, Sound-power taaseuRer CoMUCDON.
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Figue' M. Sound-power tranamiter function.
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18-3. Frgm 3 isasxmphﬁeddusnmd'a

with double-pole picces. These magnetic pole-pieces
are shown with the letters N-N and S-S representing

the nocth and south poles respectively. Notice that a
soft-iron armamure with a coil’ labeled “C is
mounmdnapmmhalfwnybnmmcpolepmu
This armature is mounted on 2 pivot at point P, and

winding C that is similar in waveform to the sound
waves stiking the diaphragm.

15-4. To study the operation of & sound-powered

tmum:mr rdamﬁ;mummme

tone. The armsture follows the diaphragm
movement (as shown in fig. M).nndthem:hcf

rah _.;_‘r.... v meRl
v

', the application of battery voluage. This is quite often _

the case with some of the headsets usad at missile
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15-7. Sewnd-Powered Receiver. In structure, the
sound-powered receiver is very wimilar to¥ the
transmitter described in the preceding paragraphs.
The principle upon which the.  $ound-powerad
receiver operates, however, is slightly different from
that of the transmicter.” When the unit is on the
receiving end and receives e Zelectrical waves
produced by a sound:powerad transmitter, thes
armature then operates the diaphragm . reproduce
the sound waves. N J \

15-8. Figure 35 illustrates the operation o i
sound-pawered receiver. In part A of the figure, note
that the telephone line circuit is coanected tQ the
armature coil. In a simple, sound-powered telephone
system, the other end of this line cipeuit would be
connected to the armature coil in the transmiteer. To
follow the operation of the receiver during the
appiication of | cycle of alternating current, let's
assume that the woltages induced by the sound-
powered ransmitter (in fig. 34) is appled 1o the
armature coil of the receiver showm in Yigure 35,
When there is nc voltage beig induced by the
transmitter. the receiver arma is at rest as shown
at A i figure 35. When a woltage is induced as
shown at B in both illustrations, current flows in the
armature coil of the receiver, and magnetizes the
armature core as indicated by the smasil letter N and
S. This causes the receiver armature © be attracted
to the position shown &t B in figure 35. When the
current falls w0 2ero, as shown at C in the illustration,
the receiver armature returns to the center position;
and when current flows in the oppasite direction, the
receiver armature is attracted to the position, as.
shown at D ia the illustration. Finally, as the current
falis to zero as shown at E in figure 34, the recejver
armature retums 0 the center (at rest) position.

15-9. To summarize the operstion of the sound-

. powerad transmitter and receiver, let's think of the

units as being conanected together, 1 shown in figure
32. When sound waves strike the diaphragm of the
ransmitter, a voltage is induced in the. transmitter

- . ! 44

armature. This voitage causes current o flow in the

coil of the receiver armature, caysing the receiver

diaphragm (o reproduce the sound waves. Thus,
sound is. ransmitted from one point o another by
sound-powered telephoay. . o

5-10. Sownd-Powered Telephome. Figure 36 is a
schematic for 8 sound-powered telephone. For this

telephone to be opetational, it must be connected to

anather telephone through lines L1 and L2. If you

will notice in the illustration, the unit is equipped
with a band genesator (HG) that i$ used to ring or
signal the other telephooe. Also, it is equipped with

a buzzer and visual indicator that function when this -

uait is signaled from the other safion. Furthermore,
this telephone is equipped with a generator switch,
located just above HG in the illustration. and a
PRESS-TO-TALK switch, labeled “S1.”* To study
the operating principles of this telephone. let’s trace
some of its circuits used during operation.

15-11. Voice transmission. When PRESS-TO-
TALK switch S1 is pressed, it connects line L2 w0
the talk contact of ‘the switch to close the
transmitting circuit. When you speak into the
transmitter, the woice sound waves cause the
diaphragm in transmitter element MKI to vibrate.
This actuates the transmitter armature, thereby
generating an alternating current .of the same
frequency as that of the speaker's voice.

15-12. The transmitter current passes through
PRESS-TO-TALK switch St and then divides; part
of the current goes 10 line terminat L2, while the
remainder goes to resistor R,. Most of the curgent
pastes o the line, through the distant teiephone,
back to line terminal L1. It then passes through the
normaily closéd contacts of the generator switch and

-hcx‘m'memuamm

15-13. A small amount of tramsmitter altermating
current, as limited by resistor R,, passes through the
resistor, receiver element REI, and capacitor C1;
and goes back to the transmitter clement. The

3

RERE P




»

b YD
bt B o T s 2 1
« T T

N R
T
,

FY
,*- N
) 16-1. The early commercial tslephone. | -
iNSIrUMments wers, in reality, recsivers, such as shown
figure 37. These instruments were caliod: buter .
becaues they resombied the butter
thet time. They were of the sound-
i magnet, &
thatt
, X shown in_
Qot operax beyond a distance
y .2 miles; hence, (they were
samp «
This
ire, with

B =139
signali
made o overcome-these difficulties
¢ its own cwrent, Insiead, -

Figure 37. Buer xamp recsiver.
puipose of resistor R, is to allow a small amount of mm‘mm;m:mmm
fransmitter, did not generate
small amount of sidetone 3o that the telephone will * it varied the intensity of a battery current to”macch
the shape of the speech sounds, With this system, a

tranemitter curreat to pess through the receiver
element during voice transmission. This_croates a
not sound dead during voice transmission. In other
words, it allows the user to héar his qwn voice in the - battery was requipsd locs
. : . - hence, it was named the locsl batery system. To
15-14. Voice recepion. The incoming voice . cXplsin the operation of this type of transmiter we
signal, tracing from L1, passes through e normally - will now briefly discusa sound and electrical
pacitor Waveforms. .o
‘ of the -waveforms
"\ -hrough the normally closed contacts of switch St (as  discussed previously are shown again in figure 39. !
Th:ymm,ip‘mix iﬂuqm v -
Hustration® shows the sine
. “.

Sy

16-3. Waveforms. Some
i however. for

receiver.
closed contacts of the generator switch, ca
Cl, and recciver clement RE1. It then passs
o |
receiver, it causes the diaphragm (o vibrate, Wave of alternsting cusrent and the unipolar wave of

' shown in fig. 36) and goes back to the line through -

Con . 15-15. As the incoming sigmal passes through the 0w that part A of the'i
reproducing thé; voice sound of the distant party. The - direct current, which in this for is calied comstant
incoming voics" currént is prevepied from pessing. S :
through the buzzer and visual indicator circuit by the . o
resctance of the windings on the' buzzer o visual -
indicator which offers high impedance to woice ‘ :

/

nE-161 8

L

¥
. % -
frequencies.
« 15-16, Signaling. When the generator switch s
operated, it connects L1 to L2 through hand
generator HG. When'the switch is in this position,
-, operation of the hand generator appliss & 20-cps ) '
devices in the distant 1 —
Fumnmm'm;cm

altermating current across lines L].and L2 This
the signaling
signal from the
45
B
‘ .

38.

*
Y
telephooe.
15-17. An incoming 20-cps
distant teiephone passes from terminal L1 through
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Figure 39, Wawsshspss compured.

value dec. conutant de, of pure dc. The waves shown

i figure 39, B are the soind wave of the *55" sound

and the wave of the electric cusrent from a
Mmmmwwm

- sound. [n figure 39, C, the irregular sound wavé of a

noiseisshnwninwmpmwimmmw
current resuiting from that noise.

164, If the noise wave in figure 39 were
combined with the constant dc wave, the result
wouldhelikcthatshnwnmﬁ;mw.misrﬂumns.
Wave changes in value just as the noise wave did:
hoam,ﬁnceithauinwdirmﬁmizh_sdlhdc
wave. It is called a wariable dc wave; and like the
noise wave shown in figure 39, it changes in value at
irregular intervals and has no uniformity. ‘

{

16-5. Waveshapes can be changed in several
wiys. If resistance is added to a circuit, less current
will flow; if resistance is removed, more current wiil
flow. Afthough the same circuit is shown in ail three
diagrams of figure 41, the variable resistor permits
different amounts of circuit resiitance; thus, the
current vatlue drops from A w0 B and rises from B to
by ' .

ié—é.l‘heprmcipkcfmma@:mby.
changing resismnce is used in modern transminers,
Blake applied it in the transmitter only 2 year after

2

.
.
c\.
.

4 (A, B, and C) with figure 39. The Bell (sound-. -
mm goesrated its, own eé-gcat:-

the .current wave that transmicer

effectivaly transmission of sound. As a
type. and they produce a -

h &’h:u; - <

g telophons basery was ovigially /-

jelephone instrument, ‘as ‘shown'in .
unit in this tranemiitter- «
receiver circuit is’ labeled and indicated by. its
symbol. This Jocal-battery circuit was the
gnndﬁddyd‘dutpoduﬁulephoneinymm )
nglephonc through a single lice jo.arother
identical unit, could be carried .n from
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the fint commerciai was built He t
wm:m:hmndm&emm .
of aa existing current to match the sound waves that - L O emeser 'M.,
sirike its diaphragm. To do this, & transmitter was : . v N
designed in which the pressure on a conasiner of | Figure 40. Vasiabie do waveform. -
. “ . ) - - "
//“ ’ '

wmmmmmmm 4 o

wave such as illustraced ‘in figure 40, .

_ - This circuitry, however, did .
leave much to be desired. VI B
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L § “ + ¢ A
A = 7" VARIABLE RESISTOR. ;
4
. .
o F3
. - e HR-180
* ) Figwe 41. Resistance and cument comparnson.
[ 4 N " . .
3 . Y. : Y
) compardmmmemuihnemmm:hm ;ﬁdmdmthcsemnd:rywmdmsptmmdmn
recsiver funcuon resuited. The small current dinge - ‘cal. andagmmdxffetm:emhuecg:mntwas
- -, did not produce cnough difference in the magnetic “‘kmlahtewpmdueemmm -
. field sreng for the receiver o pmdu:c appreciable "' . 16-11. The coil shown in figure 43 is buu:aﬂy
- sounds. : mmtamu ‘Therefore, the voluige induced in the'
16-10. 1nduc:m :xul Thomu Eduoq helped i@, *secondagy circuit is determined by the coil design.
 correct the poor reception condition. He-did this by ™ Thltu.me:yped‘mre.mrmmno.dc..auhawn
-installing an induction’ coil in the telephoné so that bearing oa the amount of induced yoltage. This type
the original (primary) ransmitter current would flow of induction coil is the very thing that gave the eurly
only a short digtance (see fig. 43), Thus, a changé in . telephone the needed power for transmitting at
© ¢ transmitter fesistance coul create a relatively large  greater . Nat only"was the inductivn coil
. change mn the registance of the. primary circuit. This “ used i éarly qﬂmbun:umnuadma;ym
/ basic arrangement allowed battery current o flow  most of our modern teiephones Of courss, it has had
' *througn the wanseoitter, the primary winding of the . munymtmmtsbxﬂuusuﬂbuedonchesame
inducton coil, and back to the battery, as shown aiso  principles’ as" those of thq_,nrly telephone.
; in figure 43 You can see that 3 change in the -  16-12. Other refinements. Comparing the simpie
transmutier resistance could cause a large current  circuit of figure 42 with the circuit of tigure 44, we
T change in the primary- circuit. “Then, with the  can see the additionai ynits which are considered as
’ ransmutter operanng a r,e!auvely large voiu,ge was  refingments to the cfcuit. Accordingly, 2 push-type
N ¢ . _f{it "ﬂ‘:’. . . ,
= R LINE ; . '
BATTERY . f — o ,
" ‘ ' . : Lt :
- . RECEIVER : o . O
S o f « | SECONDARY o
TRANSMITTER ' ‘ . Saea . , o
; | 90ddg ——— —
‘ - .3 PRIM :
i.": . ] m AEY
. GROUND N -161a | i « " el |

Fum&lfmdm,mmwkﬂmqu
mndmm

F'm‘m 43 Basc primary and gcoaduy circuits.
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Figue 34. Signaling circwt of two local-battery teicphone sets. £ -

switch, a ringer, and a hand generator were added ©
the circuit. These devices enabled a person at either.

generator switch at telephone A is returned to its
normal position, the ringer of “elephone A is

end 1o signal agpder party. The operated switch ~ reconnected to the line. (o place.it in a position where

disconnects the tranumitter from the line. Tke ringer,
hand generator, and receiver are all connected to the
line in this schematic. This connection provides that
the operation of ¢ hand generator will sound the
ringers oa the lephone. We will discuss this
circuit it more detail later.

16-13. Although the relative efficiency. of the
early ringer and generstor is unknown, we can
assume that<their operatdon was similar 1o that of
‘modern local battery generators and ringers. In
modern telephoay, the ringer is still 2 part of almost
every telephone. With any local banery system that
may still be in use, the hand generator is used with*
each teiephone. Of course, with modern systems
other than local bantery, the ringing current is
generated at the ceatral office. and there is no need

. for a hand;mmr i every ‘telephone. Since you

studied and worked with these components at the
resident course, there is no need for use 10 describe
their construction nor illustrate them now. Let us
now review the sigmaling circuit theory again
16-14. Signating Circuit. Figure 44 illustrates the
signmaling circwt of two local battery telephones. In.
this- illustration. the hand generawod switch of
tefephone B is shown in its normal position and the
hand generator switch of telephoae A is shown in the
position it assumes while the generator is operating.
To call telephone B, a person at telephone A first
turns the crank of the hand generator. This cioses the
hmdgmmrmtch(ushownfonelephmnAm
the illustration) and puts the hand generator across
the selephone Jine: The hand generator then sends a
J0-<cycle ringing current to the ringer at B- through
the connecgng circuit provided by the line and the
hand’ generator switch of telephone B. When the
person stope tuming the hand generator at telephone
A, the switch ‘associated with this generator returns
o iy normal position, disconnecting the generator
from thé line and reconnecting the ringer. With both
generator- switches in their normal positioll. the
system would then be in position for communicatichs
between.the two selephooes. Furthermore, when the

. be used. This is

it can receive ringing current from the generator of
telephone B.

16-15. With the addmon of a hookswitch in each
telephone, the circuit shown ifi figure 44 could be
considered as a complete local battery system. Of
course, it lacks many of the modern telephone
refinements, but it does provide for receiving,
trammitting, and signaling, which are the basic
requirements for telephoay. The hookswitch, as
mentioned previously, disconnects the transmirtting
and receiving components from the line when the
receiver is placed on its hook

16-16. Before we lcave figure 44, note that esch
telephone is powered by a byuery that is connected
in series with the transmitter and the primary

“winding of the induction coil. Also, we noted the
push-to-talk switch located in each primary circuit
.just below the transmitter. This switch saves batery
current because it opens the primary drcuit during
the time that sound is being received.

16-17. While there are only two telephones shown
in figure 44, it is possible 10 coanect several to a
telephone line in a local bartery system. Of course.
when several telephones aré connected to the same
pair of telephone lines. a coded ringing sysiem must
essary because the operation of
any one of the h#hd generators on the line will
operate the ringers on all of the telephones. For this
réason, it would be necessary to assign a coded ring
1o each telephope on the line. Since this type of
operation is not very satisfactory, a swtichboard is
normally provided at. sogie’ central point to switch
the cails through to the desired telephone. Before we
consider the switchboard. however, we need to
discuss another factor about the circuitry of figure
dd4—~the problem’ of sidetone.

16.18. Sidetone. Af nfentioned before. sidetons is
the effect of hearing your own voice in the telephone
receiver as you talk "igto the transmitter. " The
sidetone in a circuit such-as that shown in figure 44
would be rather loud, because both telephone
receivers are coanected in a series circuit along with

. .
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the Yecondary windings of both induction coils and -

the comnecting telep line. ‘The woice current
produced in this series circuit by a person speaking
into the transminer of  either telephone passes
through both receivers and is reproduced as a sound
wave.of speech in each oos. Therefore, the persoas
using these telephones would hear their own woices
reproduced in their own receivers.

16-19. In_ the telephone system ‘shown in figure
43, the woice current in the telephione set of the
speaker is greater than the voice current in the set of
the listener, because the resistance of the telephone
line opposes the wvoice currents, reducing their value
before they reach the receiving end of the circuit. In
addition. the voice current in the secoadary winding
is increased by the transformer action of the
induction coil. This increased voice current, passing
through the receiver of the speaker, further increases
its output of sidetons.

16-20. The sidetone in a telephone should be at a
level that promotes normsl conversation That is,
you should hear your ownt voice in the telephone
receiver with about the same volume as you heag it
when having a normal conversastion with someone. If'
the sidetone is completely eliminated from a
telepbone, the user then tends to shout just the same
as a person who is hard of hearing. When the
sidetone is 100 loud in a telephone set, it is
undesirable for “several reasons. First, the speaker
will lower his voice when he hears it loudly in his

-

own receiver. This reduction of sound input to the

transmitter reduces the voice current output. which
in tum reduces the current in the receiver of the
distant telephone set. Secand, when the sidetone is
w00 loud, it tends o lessen “he sensitiveness of the ear
of the speaker to the more feeble voice current from
the distant teiephone set. Third, when a telephone set
has too much sikictone, the local ropm noise is
picked up by the transmitter and is heard by the
listener along with the voice .of the distant speaker,
These noises. feproduced in the local telephone
receiver, distract the listener and reduce the
intelligibility of the words received from the distant
station. This effect is particulacly objectidnable when
the teiephone is used in usually noisy locauons. It
shoukd be apparent from the previous expianation
that sidetone must be controlled in the teiephone set.
It must not be completely eliminated because that
would be just as bad as having too much sidetone.
The circuits used to reduce sidetone are cailed
antisidetone circuits. Thesre are many and various
types of antisidetone circuis used in modern
telephony, and we need to know something about

r operating principles. )
16-21. Antisidetone circuit principles. If we were

1 completely climnate sidetone from a telephoae
‘ set, the user would not be able to hear his voice in
his own receiver. An ideal antisidetone circuit would
-be one in” which the sidetone i« completely

- .o ‘\’5,*\-

4

exmmmmmmﬁmmm
‘cireait is not obtainable; and if it , it would not
be desirable, as we expidined previpusly.
16-22. From your previous studiés in Chapter 4,
you should recognize A in figure 45 as being a
bridge circuit The four resistors, Ri, R2, R3, and
R4, are coanected to a baery; and a galvanometer
is connectad bétween poins A and B, The batery
cusrent in this circuit is supplied to resistor’branches
R1-R2 ‘and R3-R4. With current in the circuit.
Ahere is a potential difference across each resistor.
When the circuit is an unbalanced bridgé with a
potential difference between points A add B, current
will then.flow through the gal eter. When the
circuit is a balanced bridge with no potential
difference between points A and.B, the current will
not flow through the gaivanometer. '
16-23. To continue with our explanation of
antisidetooe principles, refer to view B in figure 45.
In this bridge circuit, the resistors are replaced by
impedances, the battery is replaced by an ac

generator, and the gaivadometer is ggplaced by a
telephone receiver. This drrangement isdn ac bridge
circuit, which, when balanced, passes no current

through the receiver. When his circuit is balanced,
there is no potential difference between poinas A and
B; and, when it is unbalanced, there is a potential
difference between points A and B. Furthermore,
when this circuit is unbalanced, current then flows in
the receiver. This circuit is in balance when the ratio
of impedance Z1/Z2 is cqual o the rato of
impedance Z3/Z4. ‘

16-24. In view C of figure 45, the ac gencrator
has been replaced with a telephone transmitter; and
impedance Z4 has been replaced with the telephone
line and a disiant eiephone set, Now, if we assume
that the impedance ratio of Z1/Z2 is equal to the
impedance rati~ o Z3 over the impedance of the
line and telephiove sct, there would be no potential
difference between points A and B when a steady
pitch is applied to the telephone transmitter.
Consequently, the sound applied to the transmigter
would not appear in the receiver. but it would
appear in the distant telephone set. Furthermore, any
electrical waves generated by the transmitter of the
distant telephooe set are applied to terminals L1 and
L2 of this circuit. Therefore, they pass through de
receiver and impedance Z2, actuating the receiver
diaphragm. ) '

16-25. By looking at views D, E, and F of figure

45, you can see how the balanced bridge principle
applies when transformers or induction coils are

‘used. With any of these circuits, the induced voitage

49

caused by sound entering the tranamitter is applied
tomeupperandlawermixmisofabddse circuit.
Asumm;thatd:ucbﬂdsedrcuiumbnhn::d.me
sound does not appear in the receiver, but it does
pass through the receiver of the distant telcphone.
Also, as mentioned previously, an incoming signal
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-from the distant telephone passcs through the
receiver because it js applied to t~rminals '] and [.2
rather than across the bridge circuit. To carry this
explanation a limle further, let's comsider the
operation of a local battery telephone circuit. .

16-26. Antisiderone circuit operation. The, circuit
illustrated..in figure 46 represents’ a local-battery
telephone with an autotransformer type induction
coil. This same circuit is represenied by view F in
ﬁstS.[’nboth_illumﬁou;mht!hepﬁmuy
winding of the induction coil is located between
. terminals 2 and 3—the secondary includes all three
windings from terminal ! to. termindl 4. When
-current is on the increase in the primary circuit, as
shownbyﬂnmwinﬁ:m%,amlﬂgeisindu@d

in the secondary from terminsls | to 4. At the instant

wbgmhlldthemhnqmm
* terminal 4 is positive, electons move from terminal
1, through the line circuit, the distant telephone, and
back through the other side of the line circuit to
capacitor C2. If you will notice, positive is applied
to the other side of capacitor C2 from terminal 4.

-

Thus, current flows from the secondary winding
through the receiver of the distant telephone. It does
not flow through the receiver from terminal X to
terminal 3, however, Jecause both of these terminals
are of equal but opposite potentiai at the same time.
Furthermore, during an altermstion in the opposite
direction, both of these potentials also cancel. Thus,

=¥ L2
TRANSMITYING
- Figure 46 Amisidetone action.
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the anusidetope circuit holds sidetone to a minimum
duning transmissior

16-27. We mentioned esrlier that there should be
some sidetone ©© promote formal conversation over
the telephone. If the antisidetone circuits just
described were perfectly balanced for a given
frequency, they would probably eliminate most of
the sidétone at that one frequency. For frequencies
other than the one where balance is obained, the

- circuit is partially unbalanced. Therefore, when thes -

various frequencies of the audio spectrum are
applied to the telephone circuiy, some sidetone is

heard in the receiver. The compongnts-of the modern )

telephone are deslgned and constructed in such a
_manner as to prqducé the proper amount of
antisidetone. This is assuming, how
telephone system and circuitry is mainmined -in
proper order.

16-28. Local-Battery System. You have ieamed
that with {ocai-battery telephony, where each
telephone s powered by its own baeries, a simple
telephone system may consist of two or more
elepbone sets connected to a telephone line. The
telephone line, of course, would normally be wo
wires: ‘referred to as ‘a pair. To have practical
" communications between several telephones,
however, requires that-a telephone line from each
telephone be connected to a central switching poifit.
At this central point, the call from an individual
tcicphommnbem:cheddxmugh:oanyoneofme
other telephones in the system. With most of our
modern telephone systems, the calls are switched

through automaticaily by the central office switching

equipment. Yet. some calls are switched through by
an operator using a telephone switchboard To
continue with our explanation of local-battery
telephony, let's briefly discuss the circuit of a small,
portabie type switchboard

. that the

v -

16-29. Using themcomms Imec:mmofﬁsm
47, we can see that an incoming signal .to the
switchboasdl passes over L1 and L2 and operates the
{201 celay. This opernted reisy actustes a drop
(reprumtcdbydlandhbeied “To Night Alarm
Circuit"). Of course, for this circuit to work you
must properly connect the incoming line to terminals
L1 and LZ Further, .you also have respoaxitiility for
the telephone statjon equipment We have said that

‘lhesublﬂforalocal-bamysylmma

batery. You Avill likewise mainmin these subsets. '
Smceme}ack{lml)andaspam&lmmecwdplug
are part of the focal-battery\switchboerd, you “May
alsg be inspecting them. Youshculdnmuyhaw
to perform very little maintenance ofhe plug, fack.
or CR201" diode. Y
16-30. You know now that most of the telep

‘mmmmeMmemmbam

Thudm.;oumymnﬂeappamtymcah
for the former local-battery type. Before we review -
common-battery principies, let's summarize a few
points about the locaf-battéry system. The term
“local” means that the sourges of-clectrical energy
for the mmlmandforngmhngmapmof
the telephone subset at each individual teleplx
station. A local batjery supplies the current for
transmitter circuit, and a hand generator or magneto
supplies the current for signaling. Fhe local-battery
telephone subset is actually a self-powerad unit i |
that it requires no power from the central office for
operation. Therefore, it can be used in conjunction
with another local-battery tel ne without being
connected to a centra! '

17. Comuo.-&nna'y Tdephuu Prin:ipls
17-1. The chief difference befween common- and

local-battery telephone systems is in the way the .

clectncal energy is supplied for operation’ of the
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In a common-batery telephone system, 3 cemal{y
Jocated storage or

place of the indivi
‘telephone smation in 3 1

~ central power source (located at central ofﬁee)

-

\UI

#
WM“MWMMWML _— ')

mmminernme & lise mm(mvaryall the way
from the\ telephone to the central office.

Furthetmore, if theeelephooe sets -afe connected
mrough:hesmtchbmrd.tbesuuﬂwamenmrmg.
the ransmitter of either telephone will be heard in

“the recgiver of the other telephone set. The circuitry ‘

senvesallofthetelephmemno in a common-

battery system.

17-2. Most of the tel sy&tcrnsmedmthe
United States are of the ‘common-battery type.
Furthermore, these common-battery systerts may be

divided into two basic catégories: manyal and ;.

automatic. With eommon«banﬂ-y systems, -
the telephane ci¥y are switched through manually by
operators. With automatic systems, thé calis are
. svnt:hed automatically by centsaf ¢ office . cqu.lﬁlgﬂlt
to the numbers dialed o’ customers’
tc}ep . It goes without saying that most of our
sys areoftheamamanc(dunlype sifice they
offer more satsfactory semce o the customer and
the industry.

17-3. As you may have expected, many of the
components of domimon-battery systems are identical

« with, or at least similar to, the corresponding local-

showninf amybecomtderedmthmpam
the pri teansmitter, circuit; the secondary, or -
receiver, c:mm. and the ringing circuit.

17-8. dreuit, As explamed in the’

. .previous paragraph, the primary circuit’ consists of - -

* battery system, variabie dc in the prim

battery compooents. Since the station equipment for

both) manual and automatic systems is &overed in

tiumech: voovrse, we will not discuss this
equipment in - “tion. We will, however, discuss
some of the §.... . fcatures of the common-battery
‘systems.

174. Basic Commoﬁkncy Clrcuit. The basu:'
circyit of d common-bastery system is shown in
figure 48. In this circuit, each hone is equipped

* with an induction eoil (I), 2’ hookswitch (H), a-

capacitor (C), 3 ringer (RG).'a transmitter, and a

receiver. When the hookswitch is irv the position
shown, current flows from the switchboard battery

through telephone line (L.1), the pﬂmaryw;ding -of

induction coil (), the Hookswitch, the * transmitter, -
. and line L2 back to the switchboard bagtery. With

the circuit in this condition, sound waves entering the

the transmitter, the hookswitch, ﬂl:pnmsxywmdmg .
of theoinduction coil, and the circuitry to terminals
Llamunnhmhmmhdmuthummt
whenevermemewerulxﬁ:d&ommhookor
cradle, as when the user. lifts it 0 cither answer or
make a telephone call. When the uses places the
receiver back on its hook or cradle,the hookswitch
opens the primary cirquit, disconnecting u from the
central office battery.

. 17-6. Secondary circuit. As shown in ﬁgurc 48,
the secondary aircuit’ consists of " receiver
connected in series with the secondary wihding of the
induction coil. As was explained for the local-
i winding of
the induction coil induces an alternating current in
the secondary winding and receiver. Thus, when

either jtter is spoken into insthe system shown
in-figure™ig,- the spund-is hﬂxdm the receivers of -
both telephones. Of ci ..inl ‘modern telephone
systems, mm@oﬁgy is used to control the
level at which the hears hxs own voice in the
receiver.
17-7. Rﬂger circuit. In ﬁg . notice thag
when the hookswitch is opesn, cireuit is . .
disconnectgg from the swu:h baaery In other -
wo:&.tbemlephmeprimuy it from L] to L2
is open. The ringer circuit, , through ringer

RG and ﬂpuaor 'C, is snlLa complete path for'
central office ringing ‘current. Therefore, when .
rigging current from the swi is applied -to
terminals £1 and L2 via the telephone line, it passes

!
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through capacitor C and ringer RG, o ring the
called telephone. It should be noted that capacitor C
will not pass direct current—therefore, it prevents
the ringer RG from shorting the switchboard

hbattery. This is important in common-BaRery .

telephony, because without capacitor C, the’
telephone ringer would be a cnnnnnm drain on the
switchboard battery. N

17-8. Sigualing the Switchboard. As illustrated

in figure 48, there is no haxd generator in the
-+ commoa. -banery telephone set. In common-battery
telephony it is not necessary to use an ac ringing
current to signal the telephone office. Since lifting
‘the teceiver from its cradie allows the hookswitch to
complete a circuit to the central offjce battery, a
light copnected in 3eries with this circuit at the
switchboard will illuminate whenever the receiver is
lifted Thus, the operztor, at 3 manual commoa-
battery switchboard, is signaled by the lighting of a
lamp whenever a customer lifts his telephone
receiver from its m:ﬂe.

_receiver, he is automaticaily comnected through to

17-9. With the automatic comrﬁm-buluy system 35
(diai teiephony), removal of the receiver from it °

cradie allows the hookswitch to complete a circiit 1o

themu'ﬂnﬁﬁummmh:hnemhymthe

The -of this rel

wx@mqmmhnmwhm:mmhfsm
the central office. He I then informed of this

- connection by the reception of dial tone in his

LA
s

- —r g

receiver.

17-10. This ends our discussion of telephone
fundamentals. The next volume of this course
pertains to tclephone station equipment, including its.
consttuction and repair. Betore you study. the next’
volume however, it is recommended that you answer
the review exercises permining to this one.
Remember, the better: you understand the
fundamentals of electricity and telephony, the easier
it will be for' you 0 complete the following volumes
in this course.
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. -  Glossary

Y

Adppter—=A dmcewhmhu@;ned:acomplaewbe:nmn jacks, plugs, or
m:epuclgtiymmomer mgmuymdnd.
The process of nmnzm&ni:mﬂbemmmadam -
or range of frequencies. the adjustment procedure for components of
& system 30 that their functions are synchronized
Alligater Clip—Long, narrow spring clip with meshing jaws, primarily used with test
’ mmmmmm :
Mﬂhﬁ*—m#mndemaqwfmmmmm ltmyhe
‘¢ ecxpressed as a ratio, or by extension of the term, in decibels. .
. lA-ﬂmuhckll&-Vdngedevehpedmafmnmemmmdmm :
~ mhﬁum‘eandfedb-ckinmnprwedmgmge. A
. - Amplifier Classes—The circuit conditions’ that provide a specific bias. for controlling
- memmmmmthumtuwdm:hem“dm"foramphfmmﬂmdm
are A, AB, B, and C. -
Anode—Positive clectrode toward which eiectrons and negative mm are drawn

Yy . Asntiresomaat Clrcuit—Parallel-resonant circuit.
‘ Antisidetoges=Arrangement of a telephme circuit where & ] amoum of power
fmthemmmu:mturmmndmtheamtpd fver, .

Arcimg—Spark jumping as can be seen at motor brushes or switcli contacts.
Astoble Multivibrator—A circuit that can switch rapidly EroQ\'u status fo another.
Also spoken bf as free running.
A-Sapply—A miuse‘(pmver) supply which is of Iower raung thxn the B-supply. It is
- used with electronic circuits.
Awdio—Frequeacy that can nomuu) be heard. Audmfrequenc:m range from 20 to
: 20,000 cycles per second. * ¢ -
, . Astomatic Switchmg—-Connecnom that are made by using remotely controiled A
switches. ~ .
B-Battery—D: voitage supply for plage and screen grid electrodes. . '
&ck Electromotive Forcs—Volitage developed in an inductive circuit by a chmgmg N
"current. The polarity of the' induced voltage is opposite the appﬁed voltage.

M—Memmmodwmmdawhmmm It is comparabie
to the grid of an electron twibe.  »

Battery—Series of cells wiich produce electric current from chemical elements. '

Biss—Electrical, mechanical, or magnetic force’ which is applied to a relay, vacuum
tube, or other device, . for the purposé of establishing a reference level for the
operation of the device. . .

Binding Post—Terminal for connecting.a conductor.

Bistable Multivibrator—a circuit which requires two input pulses to complete a cycle.

Blesder—A residtor connected to improve vditage regulation, to remove the charge for
a capacitor, of 10 protect equipment froq excessive voitage after the load is removed.

Blocking Capecitor—Capacitor which limigs low-frequency cum:nt without materially
affecting the high-frequegcy current :

Bridge Clrenit—Device which is used to measpre electrica) opposmon by comparing a
known cxrb.ut with the unknown.

L LAY
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Bridge lﬂiﬂ.‘—&&nﬁﬂ' w#nch has four elements arrsnged to provide t‘u!l-wlve 37

rectification of alternating curvent.

Mqvwmme . '
Buffer Amplifier—A circuit ndmmwapmedmgamu:mmefouowmg
i

Bypam Filtar—A circuit which pmda a low atenuation shunt around some
equipment devices. .

Cable—An assembly of or more conductors included within a protective sheath,
- thus permitting use of conductors separately or in groups. Cable may be
suspended Hy poles or (acrial) or installed in underground (buried).

Calibratioa—Process of i an instrument with a standard to determine its
accuracy or to devise a correct scale.

- Capacitive Reactance—Opposition offered to alternating current by camm

expraased in ohms,
Capecitive Coupling—Association of two or more circuits throughmeofcapaatam:
Carrier—High-frequenqy current superimposed on a woice current and on which
addmomlfrequambemoduhwd. vaxdafnrthemmonofmmm
one type of intelligence simuitanecusly.
m:\-puﬂ&—Amnmmmﬂmumwmchmemtpmdmufedmm
the inpik of a second. .

Cahﬂe Follower—An electronic circuit in which the output load is cannected to the

cathodc circuit,

Chniﬂulfon System—Using a common thfvmg base to arrange gmup.t Also, the

srmpsmmedtofamaspemﬁc scheme. '

Clmssifled—A designation for official information which is to be pmtected in the
interest of the Nadon's defense.

Collector—The component of a transistor that compares to the plate of an electron
tube.

Composite Cable—Cable in which condictors of different gages or typu are combineda.
within one sheath. '~ .

Confidential—Classification authorized for defense information or material which. if
disclosed, is prejudicial to the defense interests of the Nation.

Coutimsity—The presence of a complete électrical circuit., )

Corrosion—Eating away (dissolution) of metal by acid type chemicals.

Coulomb’s Law—A law wihich states that the force berween unlike charges is an
arraction, between like charges a repuision.

Compling—Association of two circuits so that electrical energy may be transferred from
one 1o the other. :

Dead—Having no connection to any source of voltage,

Detector—Device which uses a carrier current while controlimg a lower frequency unit.

Dial Pulse Springs—A pair of normally closed springs of a dial assembly, which is

opened and clgsed by a pulse cam. The number of times that:they open corresponds
o the digit dialed. .

Dial Sh-gSprin%-Set of contact springs of a dial assembly which shunt the receiver
and wansmitter’ of a telephone set whenever the dial,is off normal (operated).
Shunting of the receiver prevefis pilse clicks from being heard during dialing while
shunting of the ransmitter prevents a variable rautancc from affecyng the generated
puises of the dial in the line loop.

Disl Switching Cemter—Communication buﬂdmg where automatic telephone and
teletypewriter equipmient is placed which connects wo or more users together for
communication purpdses. R

Diode—A device which changes: pltemnng current into a pulsating d:rec: current. Also
called a rectifier. ‘

Electrosic—Work done by f&l movement of elecirons;
Emitter—A translstnr electrode from which the carriers depan
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Equipoteatial—iaving the same potential at ail poins.

Fndh:k—&etumm; & {raction of the output signal to the cm:un input.

Flxed Biss—Voltage of a constant value.

Flags—Codewords, nicknames, and' short titles for special subjocu. :

Mfmmdmdaumtemmmvelymtheelecm:ormmﬁchnsat‘t‘ome ina
region.

Four-Wire—A nw-nyamumgtwapsm“nngedmmnmemmmnm
currents are transmitted xnanedire:umononlymepnhmdmmmmedmme
oppw:edmnonontheommThecimnumnganmtmlyormsynmm:lude
four wires.

an-cy—Numbcrofeimlmnsginapmodcfnme

High Resistance Jumction—Union of condyctars which is faulty, thus reducing the
circuit current.

Hﬂo—Amobalenmmthedecmnicmn"ofamhmrwhkhmume
positive point in the device.

Hydrometer—Flos: and marked container used in measuring specific gravity of a
storage battery clectrolyte.

Impedance—Toul oppasition to alternating current.

Indmctance—The property of an electrical circuit which provides an opposmg voltage
to current changes, either in the circuit\itseif or ma neighboring circuit.

Inductive Cowpling—Association of one circuit with another\by means of inductance
that is common or mutual to both

hﬂﬂ:y—l{anngammuumgm:mmmm

Inswlate—To separate from other conductors with a high-resistince material.

Interlc k—A circuit in which one action cannot begin until'one or more other actions
have occurred. The ‘interlocking action is generally obmined with refays.

Interrepter—Magnetically operated device for opening and closing an electric circuit
rapidly and periodically.

IR Drop—Voitage drop across a resistor produced by cm-rent in the re:xstor

Iack—Suationary part of a2 circuit connector.

Jl-pc—sm&ngthafcondxﬁormedmmnnectmmkormedmmmt
around a break in a circpit. It'is usually a temporary connection.

Kc—One thousand cycles per second (kilocycle).

Kirchoff’s hw:—Thesumofmemmtﬂowmgtoagm:rpmm in & circuit is equal to
the sum of the current leaving that point. Also, the algebfaic sum of the voltage drops
in any closed loop of a cxrcmt is equal Yo the algebraic sum of the electromotive
forces in that cn'cmt.

Lead—A wire to or from a circuit element.

Legend——Symbols or other dat placed near a diagram.to assist in determining the
proper interpretation.

Lenz’ Law—Current induced in a circuit as a result of its motion in a magnetic field is
in such a direction as to’'exert an opposing force to the motion.

Limear—Having an output which varies in direct proportion to the input

Line Balsmce—Matching impedance, equaling the impedance of the line at all
frequencies, when terminating a two-wire line,

Loading—Connecting a power consuming device to a circuit.

Loading—Insertion of reactance in a circuit for the purpose of improving ifs
transmission characteristics in a given frequency band.

Locking—Keeping a device operating following the opening of the originating circuit.
The term “hold” is also used to identify this seeond Ope-rznng circuit,

Loop—A closed efectrical circuit.

Loop Puising—Regular. momentary interruptions of the direct current in a closed
electrical circuit.

Low-Pass Filter—Amangement of componenss which passes all frequcnc:e: below a

_A\_/ 1y
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. frequancy.
Main Distrirating Frame—Unit wed for

/‘ ' R-"

specified friquency with lintle or no Moss Bu discriminates Againgt any higher

switchirg canter equipment. It also supports

pount. v

Masning Decument—-Official - paper showing authorized positions for an

Me—One million cycles per second (megacycie).

Milli~One thousandth of a ynic

“mmhpﬂmdadmx.umaorsrm by examining a
sampling of the output.

Multiple—Connectad in parallel.;

Musilation—Process of making s document unrecognizable and preventing it
information from being seconstructed.

Muteal Induction—Inducing a voltage into one circuit from a neighboring circuit that
is magnetically coupled with it

Nede—Zero point; for instance, an electrical point which has no cwent has been

referrad ©© a3 & current node.

Obm's Law—E = IR, or | = E/R, or R = E/L

Ohmanet or—Instrument for measuring resistsnce in an electrical circuit.

Opea Clremit—A circuit which is not complete.

Opea-Clremit Vdnp—Volnge at circuit terminals when no appreciable current is in
the circuit.

Patch—To connect circuits together mmpaanlybymunsofacmd with plugs, which
is known as a patch cord

Pawl—A device designed to fit into notches on its mnng device.

Flast—The installed facilities which provide communications by electronic means.

Plug—Removable part of a gircuit connector.

Polar Relay—A devics that has a permanent magnet that centers the armature. The
armanure movement is determined by the direction of current in the windings.

Polarity—Condition in an electrical circuit by which the direction of the flow of current

! can be determined.

Poteatial—Difference in voltage between two point in an electrical circuit.

Potentiometer (POTS)—A three-terminal resistor which has one or more sliding
contacts and thus functions as an adjustable voitage divider.

Preoperstiomal—Before telephone equipment is “cut over.”

Preveative Maintemance—Care of cquipment that prevents future troubles.

Primary—First. ‘

Primed—Act of making a device ready to operate.

. Probe—Test lead used for checking electrical circuits.

Puilsing Relay—Device which reacts rapidly when there is a sudden change in its
Pulse Repeater—A fevice which receives pulses and reflects them into a second circuit.

Punching—Metal stampling deugned to permx: a connection {0 a conductor by means

-of solder.

" RC Coupling—Placing resistors and capagitors in a particular arrangement so that they

form a connection between two circuits.
Reciprocal—Method for determining resistance in a parallel circuit.

- 1
t L 1 1
¢ S ==
BH™R R
Regenerative—Process by which a part of the power in the -output circuit of an
amplifying device is returned 1o the input circuit so that the initial power is increased.
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lmcwmﬂ.s@n:mmfm whmhm:wuu;mhﬁmm
circuit and retranemits them to anothér circuit.

I-H—qumwmchmmmaumuﬁumlofmmmqu
Mn&amfuamtﬂapuadmmymnndeﬂmwm

mmmmmmmemm -y

¢ircuit is opened.
RM—Oppumouwmchadewceormmmloﬁmmcumtmmemi
circuit.
Rmﬁw—m&qmuwmmm:mwmnmucqm;mpe
capacitive reactance.

Risgdewn—Circuit signaling where the signaling and supervision is controlled by 3

ringing current.

Smﬁ—[dmmormmlwhmh.nfdudmd.mﬂdmunmmmdnmew
the Nation. For example, merdmdmfmﬁmmm&ehcnmdm
who are engaged in war,

Semsitive—All classified information is semsitive. Unclassified information, which
reveals ciasified plans when used with other information is also sensitive. .

Serigg-Rescmant Clremit—A circuit which has the power source in series with
ummmmwhmmamiachm:nhemm
frequency.

Short Clremit—L ow-resistance connection benvecn wo points, usmuy accidentsal It
results in excessive current which may damage the equipment.

'Shumt-—-Two or more eiectrical devices connected so that the cun-cm may dmdc

between them.

" Slow-Operated Relay—A relay designed to act slowly following completion of its

operating Gircuit.

Slow-Releasing Relay—A relay having a time delay in which there is an appreciable \

delay between the opening of the operating circuit and the release of the armature.
Soask C wrreat which, while not particularly excessive, is above the normal

specification fof the equipment circuit. As a result it can pﬂ*dua beat damage 1o the

components.

Solder—Alloy of lead and tin used in making circuit connections.

Specificatioms—Prepared engineering information for telephone equipment.

Spring Pileup—-The assembly of all contact springs which are operated by an armature.

Static Electricity—E!lectricity dﬂluouanabjectardwmchmllyhutmwayto
leave it. When a second object is brought near, electrons jump berween the two.

Teiqthou Tapping—Connecting to a telephone circuit so that mfonmuon can be
withdrawn. For our purpose, this act is illegal.

Teletype—T ransmitting sy:tcm which uses a keybmrd for sending and receiving
typewrinten messages. '\

Termimal—Final device or station in a system

Termimation (4-wire)~Connecting a load 0 a 4-wire line circuit.

Therxistor—An electronic devwc wruch changes. resistance with a chauge in
temperature.

Top Secret+Information or material which, if disclosed, could result in exceptionaily
grave dimage to'the Nation. If a disclosure would resuit in an armed atmck on the
Nation, for example, the information wouid be classified TOP SECRET.

Tramsiemt-—Instantaneous surge of woltage which results from a circuit change.

Tresk—Communications channel een two offices or between groups of equipment
within the same office.

Twmed—Adjusted to operate at a specific frequency. It also describes a circuit that

¢ consists of inductance and capacitance which can be adjusted for resosance at a

desired frequency.

Unciassified—Information which heed not be protected but may be subject to security
safeguards. .
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Preface

. . . . R Y . « az
., THIS' SECOND volume of Course 36254, Telephone Equipment Insiailers
- Repairman, continues with Common-battery Telephoay. ‘It explains both the )
manual and automstic systems, the basic principles of central affice switching, . N
: - and describes telephones and telephone, components. The switching principles ‘

. : | ampmvidedonlymhelpyouundmmndtheoperaﬁanofme-tclephoaaand  _
. _ . ther components. In addition, this volume has_ information about telephone : .
) troubleshooting, maintenance and repair, and the inspection system records. '
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1

Station Equipment for Common Battery
. ' Systems o

-

THE TELEPHONE cquipment installer-re-
pairmap, as you aiready know, m:ust instail,

troubleshoot. and repair telephones and tele-

phone circuits. To do this he must have an un-
derstanding of various telephone systems, circuits,
and components. In Volume 1. we discussed the
panciples of clectricity and described the basic
circuits and components for sound-powered and
local-battery systems. Furthermore, the basic prin-
ciples for common-battery telephony were alsa

briefly described.

2. Volume 2 continues-the discussion of fun-
dameutals, showing how ‘they are applied in
manual common-battery and automatic systems.
Furthermore. Volume 2 covers telephone station
maintenance, troubleshooting ard repair, and the
use-of special tools and equipment for testing
components and circuits.

3. This chapter discusses the telephones used
with manual common-battery systems, and the op-
cration of thewr parts and components. The ma-
‘erial in this «.haptcr has been arranged in the
toliowing  sections: Telephone Components,
Cor. nison of Local Battery and Common-Bat-
tery yvstems, and Common-Battery | Telephone”
Circuits.

. Telephome Components

-1. The modern telephone in general use to-
day has the following major components:

«. Handset. This unit houses the transmitter
and receiver: and. as you already know, you hold
it in position at vour ear and mouth.

b. Handset Cord. This cord extendc from the
handset to the circuitry in the telephone housing.
It generallv contains either three or four conduc-
tors which connect the receiver and trapsmitter
to the circuits in the telephone housing.

¢. Telephone Housing Assembly. This assem-
bly houses the components used in receiving,
trapsmutting.  signaling, etc. With the dial and
manual common-battery systems, the ringer.

O

Ly

l

hookswitch, induction coil, capacitors, and either
a dial blank or a dial assembly are in the tele-
phone housing.

d. Mounting Cord. This cord extends from
the circuitry of the telephone housing to the
connecting block. At this point it is connected
to a circuit that extends to the protector block
and to the outside lines and cables. The mounting
cord usually contains three or more conductors,
depending on the system and the type of tele-
phone circuits used.

1-2. Before we discuss manual common-bat-
tery systems and telephones. let’s first consider
the development and use of some of the main
telephone. pans. Since the hand generator and
ringer were covered in Volume !, the information
is not repeated here. The main parts to be- con-
sidered in this scction are the transmitter, re-
ceiver, induction coil. and the capacitors. Ve will
consider the,transmitter first because it is the
unit which trunsforms the sound waves into elec-
trical impulses. Secondly, we will consider the re-
cetver because it is the unit which receives the
¢lectrical impulses and converts them to sound
waves. Thirdly, we will discuss the induction coif
because it is used in conjunsction with the trans-

mutter and receiver. We will discuss capacitors last’

because they may be used in conjunction with

- the other telephone components.

1-3. Transmitters. In Volume 1 we said that
the solid back transmitre:. developed to increase
telephone efficiency, came into being when bat-
teries were first used in commercial telephone
svsiems.” Of course this forerunner of the modern
transmitter was developed from the Blake trans-
mitter. Blake's concept (a transmitter should vary
the strength of an existing current) is still being
applied, and the solid back transmitter works on
this principle.

1-4. In figure 1 movement of the dxaphragm
canges the pressure on the carbon granules in
step with any activating sound waves. When the
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Figure 1. Solid back transmutter.

wansmitter is connected into a circuit, these pres-
ure changes warv the current through the trans-
qter. hecause the resistance between the gramns
Docarbon vanes nverselv with the pressures
Placed on the carbon. In other words. if two
Siedes of cuarbon i a circuit are pressed firmly
“uether. more current flows across the contact
i when they are pressed lightly together.

[-3. When several small pieces of carbon are
Naved nosenes in 3 greuit. a very small change
U Pressure on them causes a large change in
e resistance. By increasing the pressure sui-
tewentdy, the resistance of carbon granules may
"¢ mude almost negligible. In the transmitter 1
arse diaphragm s connected towthe flexible cover
MTacup contamning carbon grapuies. This dia-
~hrazm provides a large surface for sound waves
0dancreases che  effectiveness of the trans-
mitter  As previously stated. the vibration of the
‘ransmuiter diaphragm varies the. current through
Cre transmitter according to the resistance within
"he carbon cup.

-6 The sofid back transmitter. although it
+as used for many vears, was not too satisfactory
AR the carbon arrangement shown: the carbon
sranufes formed a looser contact ar the top than

Q

ERIC

Aruitoxt provided by Eic:

t-&

at the bottom of the cup, Then, even though the
action of the diaphragm tended to move the car-
bon grains as desired, the ‘instrument had to be
held upright. If the instrument was tipped in anv
direction different from the position for which
was designed. the movement of the carkon gran-
ules tended to create a “frying” noise din the
receiver. So the solid back transmitter lunctioned
best when used with the old desk-stand tele-
phone. It is unsuited 1 modern telephones,

[-7. With the development of handsets a trans-
mitter adapatable to different positions became a
necessity. The carbon cup transmitter, shown in
tigure 2. had a dual advantag®: it could be moved
in any direction without carben granules moving
about 1n the cup. and the shape of the carbon
chamber and position of the electrodes prevented
the carbon granules from packing together within
the cup. In general. this transmitter fovercame
many of the objections of previous transmitters.
and its frequency response was much more uni-
form. In fact. the whole transmitter was more
cfficient than anv other had been. The reason
was certain improved dcw'c:\( contactors and
insufators ).

94|
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1-8. Figure 3 shows a handset equipped with SAPER SPACERS gacx
‘ : S _ ) , fyfcTRoct
3 modern transmitting unit. The diaphragm, con- .

structed of 2 thin aluminum alloy, is supported
by paper on the edges; and a silk, moisture-re-
Sistant membrane stretched across the fromt of
the transmitting unit protects the parts of the
unit from the condensed moisture of the speak-
er's breath. |

CIAPHRAGM

$IUR CLOSURE AND
JONTACT WEMBER

MOVING FRONT
EVECTRODE

1-9. Because the modern transmitting unit has
only a few parts and is assembled at the factory
bv stamping and pressing operations, it cannot
be repaired by field forces. If the transmitter unit
of a telephone is bad, it must be replaced with

. one of the proper type.

1-10. Our discussion of wransmitters would not NSULATORS
be complete without mentioning that special-
purpose transmitters have been designed and
supplied to service units. One of the ‘special- : N
purpose transmitters used during World War II v
was the differential transmitter which was worn

§R&sS GRID

Figure 2. Carbon cup transmitter.

RIBBED DIAPHRAGM

'ACOUSTIC RESISTANCE MEMBRANE

BACK CHAMBER

CARBON

Figure 3 Transmutter s cut awav view:,
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4%:’::::&3/ in front of the speaker’s lips. It is com-
monly called 2 noise<canceling transmitter, be- -

cause noises entering from the side or back of the
transmitter are canceled out, agd oaly those
noises which eqrer directly {rom the'front are
transmitted. As you can' see, this noise~canceling

feature has the advastage of eliminating sounds

of guafire or 'other communication-disturbing

. noises of baitle,

I-11. Most différenrial transmitters operate by
¢qualizing the pressure exerted on the face of the
diaphragm. This equalizing is possible because
of, the structure of the transmitter and the ar-
rangement of the acoustic openings and airspaces
about the transmitter diaphragm.” The resulting

. diaphragim motion from distant sounds is, there.

fore., practically zero. Side sounds cause almost
no change in the resistance of the transmitter

© carbon granules, and thus cause no perceptible

change in the transmitting current,

[-12. Receivers. Receiver development has
been 3 continuing development. Figure 4 shows
the components of a recsiver so that we can de-
scribe its operating principles.

i-13. The receiver principle is still the same—
magnenc forces from an electric current create
sound waves which match in shape the original
sound waves striking the transmitter.

114 To produce the sound waves: the tele-
phone receiver uses magnetic forces resyling from
the strength of the current received. -This current
is to be found in the winding (see fig. 4). The
magnetism strengthens or weakens the puil of a
permanent magnet on the recsiver diaphragm.
(See bar magnet. pole piece, and diaphragm in
figure 4.) The basic receiver function is shown in

A
4. . 1

A. B, C, and D of figure 5. In A the diaphragm—
is deflected only by the pull of the permanent

- magnet, because no current is in the coil wind-

ing. In B the current strengthens this magnetic

pull, and an incressed diaphragm deflection re.
sults. In C decreased diaphragm detlection re-.
Sults from a reversed current which opposes the

pull of the permanent magnet.

I-15. Continuowg current alternations would
produce a wave shape similar to that shown in
the top portion of figure 5,D. If the receiver did
not have a permanent magnet, however, such cur-
rent reversals would not produce an alternating
wave shape (sound wave). The resulting wave

“shape in that case would be the one shown in the

lower portion of figure 5,D. As vou can see,
the ‘permanent magnet in the receiver has a
grear effect on the shape of the sound wave pro-
duced by the receiver. Without this magnet a
sound wave similar to an ac wave would not be
reproduced. '

[-16. During every telephone conversation the

- modern receiver diaphragm fluctuates many times

¢ach second between the condition shown if fig-
ure 5.B. and that in figure 5,C. This fluctuation
is caused by receiver current transmitted from
the distant station. This fluctuation, then, pro-
duces sound waves which match the sound wave
of the speaker's voice.

1-17. The flat receiver unit (fig. 6) in the
handset is the result of recent telephone engi-
neering, More effective sound characteristics are
obtained with this receiver than were possible
without the new magnet arrangement. The ring-
shaped pole piecc concentrates the magnetc lines

~of force near the diaphragm. You can see the

bar magnet

protective "
meta: grid
qroiective ‘ .
silk screen contact ring
diaphagm e - J— contact
silk acoustic o
/ resistance disk winding
N
air chamber N
N poie piece
. Zinc alloy

frame

I

Figure 4. Recerver (out awav view)
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Figure 5. Receiver function

posttion of the coil within the magnet. Note the
screws which attach the conductors to the re-
ceaver terminal plate. The other components
should oow be familiar to you.

1-18. Induction Coils. The principle of induc-

tion cotls was discussed and illustrated in Vol-

ume | of this course. The induction coil is used
in the modem telephone mainly for the follow-
ing purposes:
a. To provide good transmission and reception
b. To reduce and control sidetone during
transmission.

1-19. As menticned in Volume 1, the early
telephone induction coil used two windings. a
pnmary. and a secondary. The later induction
coil, however, uses a balancing winding in addi-
tion to the primary and secondary windings.
These windings will be discussed in more detail

fater in this chapter. They have been men-

toned here for the purpose of introducing tefe-
phone parts. Before we continue with the next
part (capacitors). it should be mentioned that
most of the later telephones use a network as-
sembly which contains the induction coil. ca-

pacitors, resistor§ etc., which are reljuired for
transmitting and receiving.

1-20. Capacitors. Capacitors used in telephones
have various functions. Some of these functions
are listed below: o

a. In the modern common-battery ielephone a
capacitor is connected in series with the ringer
to biock the passage of dc current.

b. In many telephones a capacitor blocks the
passage of dc cufrent through the receiver.

c. Capafitors with the required rating may be
used in telephones to pass ringing currents and
to reject voice frequencies.

d. A capacitor, used in conjunction with an
induction coil. helps to produce a strong trans-
mitter outpur and aids in the reduction of side-
tone. .

2. Comparison of Local-Batterv and
Common-Battery Systems

2-1. Shortly after local-battery telephone sys-
tems proved successful. telephone engineers re-
alized that a central source of power could furnish
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more cconomical and more satisfactory ser-
vice. Therefore, the telephone battery was taken
out of the subscriber’s telephpne set and in-
\xgcsd av the central office. Although the prin-
ciples of common-battery systems are similar to
those of local-battery systems, the components
are slightly different and are arranged in a dif-
ferent manner. :
'2-2. Before we discuss the components and
thewr arrangement, let’s briefly consider the over-
ail arrangement of a telephone system. Look ar
figure 7. which iilustrates a simpie telephone
system. Although common-battery telephones are
used in this system, a similar arrangement is
used with local-battery telephones. The most sim-

pie system would consist of (wo local-battery
telephones and their, connéeting conductors or
lines. But in all modern systems you will tind a,
central office with either switchboards or switch-
ng equipment of some- kind. '

2-3. The central office and switchboard oper-
ator are often called “centrai” or “operator.” As
few as three or as many as several hundred tele-
phone. stations may be connected by lines 10 a
single central office. The size and extent of the
system may vary, but each of the telephones in a
system can comtact the other stations in the SVs-
tem. - .

2-4. The telephone stations® central office. and
connecting lines shown in figure 7 constitite a

s -’L‘
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Figuse 7, }’elcphone system.

telephone system with a single central office, Such
a telephone network with its central office and
connected telephone stations may be the whole
system; however, it is frequently only a part of
the system and is cailed a telephone exchange.
The connection of twa, exchanges ( as shown, in
Tig. 8) or several exchanges by truaklines is a
common arrangement. For example, a large city
normally has several exchanges, all connected
by trunklines, .

2-5. At this point let us review the arrange-
ment of local-battery systems and compare it with
that of common-battery systems. Keep in mind
that local-battery systems have all the necessary
communication parts ‘within the telephone set.
Telephones in the local-bdttery system are op-

‘s

4l ~aNGE I

«.tion to these fiv

e ,
erat®inNgy dry cell batteries within the mdividuai
substatioNs, whereas those ‘in <he ‘¢ommon-bat-
tery system have a centraily located baftery. The

50

v seven major components of the locdi-battery .

phone are the receiver, tran$mitter, battery, in--

duction coil, switch, hand generator, and the °

ringer. .

2-6. In local-battery systems the, sources of
electrical energy for the transmitters and signal-
ing deVices are always included’inl each set. Thus
the term “local™ means that the sources of elec-
trical energy are a part of the individual tele-
phone. A local battery supplies the current for

~ the transmitter circuit; a hand generator or mag-
* neto supplies the current for signaling ~With this

type of system, a local byttery’is provided not”

oaly for each subset (telephone station) but also
for the switchboard. : ,
* 2-7. Compofients of Common-Battery Systems.

" The componenfs of the common-battery tele-
PO 3

phone are simpier thanjthose of the locai-bat-
tery subsets, because the hand generator and
the battery have been eliminated at'the substa-
tion. The other componehes of the common-bat-
-tery subset—the réweiver, transmitter, induction
coil, ringer’ and hogkswitgh—are all similar to
those found in the Yocalibarnery subset. In addi-

bartery subset requires a capacitor in series with
the ringer. The .capacitor, which blocks direct
current. prevents- the current on the line from

- .

componeats, the common-.

flowing through the ringer when the subset is not -

in use.. If such a curremt wete permitted, it
i . .
would bé a constant drain on the power supply.

IR

KFigure ,§ Two-exchange system,
. . 7
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Figure 9. Common-barttery system (block diagram).

2-8. Figure 9 is a block &iagram of the com-
mon-battery telephone system. Since the sources
of electrical energy for the trapsmirters and sig-

naling devices are located at the central office, all

of the stations reczive. their energy from a com-
mon source. This common source of power .
(which usually includes a generator and a large

storagé battery) also supplies the current for .

switchboard operations, including signaling lamps,
& ringing machine to supply ringing current for all
telephone sets. and switchboard transmissions.

2-9. The telephone stations in figure 9 have
no battery; the switchboard signal lamps operate
automatically when the sybset receiver is

removed. from the hookswitch. This refinement, ¥

along with others, allows the common-battery
switchboard to handle a large volume of traific,
Such operating speed and efficiency would not be
possible with a local-battery system.

2-10. The operating qualities of common-bat-
tery and logal-battery systems are similar., Ex-
cellent communication can be attained with either
system when it is-used in its proper piace. Each
telephone systém, therefore, performs an impor-
tant cemmunic:\u‘ons function for the armed ser-
vices. . .

2~11. In general, military field telephone sys-
tems are manually operated and may be either
the local-battery &r the common-battery type.
The local-battery system is used more often than
the common-battery system for (emporary service.
Where time is a fadtor and the system may

later be improved (or r
system may be installed.

oved), a local-battery
ield wire lines can be .
be installed and used
conditions.

lations reduces battery costs and increases battery
efficiency. Recharging batteries costs far less than
buying new dry-cell batteries, and rechdrging is
possible because the battery is at a central loca-
tion. The, storage battery of the common-battery -
system is more efficient than the dry~cell bartery.
(Too. the storage battery voltage is stable.)
2-13. In manual common-battery svstems the
telephone user signals the switchboard simply by
removing the receiver or handset from the hook-
switch, This action completes the circuit for the
direct current and causes the lamp on the switch-
board to light. At the end of the call, the opera-

'tor is again signaled by the lamp when the re-

ceiver is replaced on the hookswitch. Thus one
operator can handle many more lines than would
be possible otherwise. With this system no mag-
neto at the subset is required, the subset owuip-
ment can be smaller, and the subscriber can use
the subset with less difficulty.

3..Commou-Battery Telephone Circuits

3-1. Figure [0 illustrates a common-batterv

' k4 . . . e e , .
telephone circuit. This circuit is'representative of

many telephones that are still in use. Of course,

\5,‘. ST
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Figure 10. Antisidetone circuit schematic.

most of those still in usc are equipped with a dial

which is not shown in this illustration. The dial
circuiry will be explained in Chapter 2 of this
volume; therefore, it is not illustrated in this
<hapter.

3-2. Now ler's discuss the telephone circuit
illustrated in figure 10. Note that the circuitry
is built around a three-winding induction coil.
The windings of this coil are called the primary
. winding, the secondary winding, and the bai-

ancing winding.. The balancing winding is some-
times called the tertiary winding, but don’t let
this fool you; it still functions in the same man-

s
w0

ue{ a3 a balancing winding. Also note that the
hookswitch in’figure 10 is shown with two pairs \
of contzcts—one pair located between terminals
L2 and T and the other pair located between

* terminals GN and R. Furthermore, the hook-

switch contacts are shown in the closed position;
the position they assume when the handset is
removed from its cradle. One more thing, note
that the ringer with its capacitor is conpected
between terminals L1 and L2. Thus it is in posi-
tion for receiving ringing current via the tele-
phone line, _

3-3. The circuitry shovm in figure 10 is of
the antisidetone variety. That is, it illustrates the
circuitry of an antisidetone subset (telephone)
and in its simplified form, shows each portion of
.an antisidetone subset. The arrangement-of the.

~

diagram shows that the curment in ope of the
induction coil windings is opposite in direction-to
the currents in the other two windings.

3-4. The antisidetone effect is obtained by
the combination of subset parts, but the heart of
the antisidetone circuit is in the particular induc-
tion coil used in the telephone. The antisidetone
circuit will be explained in Chapter 2.

3-5. This completes our discussion on the com-
mon battery telephone circuits. The next chapter
covers station equipment for automatic systems
(dial telephones). Before you study the next
chapter, turn to the workbook and complete the
review exercises for this chapter.

#,
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CHAPTER 2

) ‘_
Station Equipment in Automatic Systeims

TO INSTALL and maintain telephone equipment
used by the Air Force the telephone equipment
installer-repainman must be familiar with both
manual and automatic systems. Although most
of the telephone systems used in the Air Force
today. are of the auytomstic (dial) type, you
should understand both systemis. You must be

tamiliar with the transmitting, receiving, and sig-,

naling circuits, and you must understand tele-
phone dials and dial circuits.

2. In this chapter we will discuss the telephone
equipment used with automatic telephone Sys-

tems, {irst showing how central office equipment

makes a telephone call possible. In doing this,
we shall see how the common-battery systems
operate. We -have divided the chapter into the

following sections: Common-bartery »,stems, the

dial telephone, the touch tone telephone, con- -
trol of switching equipment, telephone dial con- -

struction, operation, and wiring, and ‘Ne 500-
type telephone.

4. Common-Battery Systems

+1. Modemn telephone systems are nearly all
of the common-battery type. The electrical power
used in operating the telephones in most sys-

tems is supplied from the central office. When the’

switching and connecting of stations is done by
operators in the central office, the system'is then
of the manual common-battery type. When the
switching ' is done automatically in the central
office and controlled by a dial on each telephoge,
the system is then of the dial common-battery
type.

$-2. The coanections between telephones in a
dial telephone system are "made by, switching
mechanisms in the central office. These mecha-
nisms are remotely controlled by the dial on the
calling telephone and do not require the aid of
an operator.

4-3. In addition to some relatively new elec-
tronic switching systems, there are four electro-
mechaaical types of dial telephone systems used
by the Air Force. These systems are as, follows:

-

a. Stepvby-step system.
+ XY sysiem.

¢. Crossbar system.

d. All-relay system. .

4-4, These four dial systems interconnect the
telephones of subscribers in basically the same
way. The principal difference in the systems is

in the equipmenr used. 'Let's briefly consider \

these systems, . .
4-5. Step-By-Step System. One of the most

commonly used dial' systems has step-by-step
switches which operate directly from dial pulses

transmitted from the pulse-sending device (dial)
on the tMephone, Operation of the dial interrupts
the line current by alternately opening and clos-
ing the dial pulse contacts. In a step-by-step
dial system each set of dial pulses (sometimes
called train impylses or’ pulse trains) corresponds
to the digit dialed by the telephone user. This
pulse train extends a coomection one step at a
time (step-by-step) through the switching eqtip-
ment to the called telephone. The wipers (or con-
tacting arms of numerical, dial-controlled step-
ping switches) make the proper comnections at
the central office. Electromagnets which are op-
erated by pulses from the dial on the calling tele-
phone mowé the wipers one step at a time. Fig.
ure 11 shows how the wipers are arranged, and

. figure 12 shows the completed connection.

4-6. The operation of a step-by-step dial sys-

“tem is essentially the same as that of the manual

. When the receiver is removed

system. For example, when the receiver is re-
moved from the hookswitch in the mianual sys-
tem, the operator responds by connecting an
answer cord to th ling line; that is, the op-
erator finds the callipg line with the answer cord.
a station in the
dial system. a line-finder switch automatically
finds the calling line and extends that line to
a connector switch, which connects*a tode (dial
tone) to the lime. The dial tone has the same
significance in the dial system as the operator’s
“number, please” in the manual syst¢em, Thens,
the ‘calling party, instead of giving the desired

i
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\ Figure 1l Swuching equipment wipers and termunai bank.
) .

number verbaily, dials each digit of the line
number. When the oumber is dialed, the con-
nector completes the congection and. automati-
cally applies ringing current to the called line. In
the manual system the operator connects the
Qailing cord to the desired line and connects
ringing current. In both systems, howevef, bat-
tery current must be comnected to the called
line., This connection is magde automaticuily in the

dial system and in the manuai system when the .
vperator releases the manually operated ringing(\;

switch. -

<+7. In figures 11 and 12 you can see that
cach terminal bank of the switch has 10 rows
of terminals with {0 terminals per row. These
rows are numbered from the bottom to the top

with the numbers 1 through 0, the O taking the
place of 10. Also, the terminals in each row are
numbered from left to right with the numbers
1 through 0. These row and terminal numbers
combine to form 2 number for each terminal in
the bank. For example, the telephone shown in
the upper left comner of figure 12 is connected
10 termigal 91. The number 9! indicates that
the phone is connected to the 1st terminal in the
9th row. As another example, the telephone
shown in the lower right corner of figure 12 is
connected to the O terminal in the 2d row: thus
its number is 20. When a switch (such as the
comnector switch shown in figure 12) is dialed
by the caliing telephone, the wiper moves up-
ward in response to the first digit dialed and

VERTICAL
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- Figure 12, Simplified dial system.

then to the right in response 1o the second digit.
Thus the dialing of 00 into the connector switch

(figure 12) wouid place the wiper in. the posi-’

tion showwn, o .

4-3. XY System, The XY system is similar in
operation to the step-by-step system. The main
difference between these systems is in the type
of stepping switches used. With the step-by-step
svsiem the switch operates in an upright position
with the wipers stepping first in the vertical di-

rection and then in the horizonta] direction. With

the XY system the switch wipers step in two
direcions on the horizontal plane. First, the
switch is siepped in the X direction fthe direc-
tloa designated as 2ast on a2 map) and then in
the 'Y direction (the direction designated as north

on 3 map). The XY switch has 10 rows of
bank contacts with 10 pairs of contacts per row’

This by siepping in two directions the XY switch

can make a chosen connection out of a group

of 100 possible connections.
<-9. The stepping o

f (A& XY switch in both
the X and Y. dircc:ions/ﬂs c

trolied by electrical

impulses generated by the dial on the subsériber's

telephone. For example, if the subscriber shouid
dial the number 48. the switch would first take
+ steps in the X direction and then 8 steps «n
the 'Y direction. . o

4-10. Crossbar Systém. The crossbar switch is
the basic component of the crossbar system. The
‘undamental crossbar design has horizontal strips
crossing vertical strips a¢ right angles. Contacts
placed at the intérsection of these strips esfablish
4 connection. A magnetic impujse counter, which
is fundamentaily a relay with ten l.step arma-
tures, is used to store, to time. ind to properly
sequence the crossbar system,

4211, All-Relay System, The ail-relay system
as groups of relays which progressively gep the

cail. Operating alome, in response to current
pulses from the calling telephonz dial, these relays
make the telephone connection from a calling
telephone to agy called telephone in the system.
Instead of the eiectromechanical switches. such
as those used in the step-by-step system. the
all-relay system has electro-magnetic switches.

4-12. Without proper telephone connections
and vperation. of course. automatie systems will
net function. The telephones which control. the
central office switching equipment are therefore
very important. '

»

5. The Dial Telephone

3-1. The dial telephone set consists of parts
necessary for the reception and transmission of
speech.-for signaling, and for controlling the ten-
ral office switching equipment. Partr A of figure
{3 shows the cireuits of 'a typical dial teiephone
used with dial cenrral offices. o

5-2. Refer to part A of figure 13 and notice
that the cradle switch of the dial-télephone. set is
in the talking position. That is, the hapdset is -

off the cradie switch, permittipg e switch to

“close the lodp. of the calling telephone. The dial
' pulse springs are shown in their normai closed

position. Their purpose, is to open and close the

. callipg line laop each time the dial returns to nor-

mai. When the pulse springs open. thev inter-:-
rupt the direct cumensowing through the loop.

. Part B shows this loogpulsing circuit). The ré-

12

suiting pulses.-or interruptions in the current of
the calling line loop, operate the, switching equip-
ment in the central office to extend congections
from the calling telephone to the called telebhone,
The dial pulse springs open and c%c .. reak
and make contact) as-maay times as the sumber
dialed imdicates, with the exception of the digit 0
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which is an abbreviation for 10; thar is, the dxal
pulse springs open and close 10 times in response

to the dialing of digit 0. I€.the digit § is dialed, -

the pulse springs open and closc I times in
quick succession.

S-3. The shunet springs of the dial are shown
in their initial open position because the dial
in part A of figure 13 is not operated. When
the dial is in the off-nomal or rotated position

(see part B of fig. 13), thc shunt spnngs close

they will not interfere with the pulses transmitted
by the dial over the loop of the calling telephone.
Shunting of the receiver during dialing prevents
the dial pulses -from causing clicking sounds in
the receiver. Shunting of the transmitter improves
the pulsing circuir by disconnecting the variable

- resistance of the transmitter during dialing. The

shunts on the receiver and transmitter are. re-
moved when the springs retum to their normal
open position each time the dial comes to rest
in its normal position.

5-4. The ringing circuit in part C of figure 13
consists of the springs of the unoperated cradle
switch. the ringer (bell). and the 0.7-microfarad
capacitor. During ringing, the capacitor permits
alternating  anging) current to flow through
the telephone but blocks the flow of direct cur-
rent. When the handset is lifted from the cradle
switch, the capacitor and ringer act disconnected
from 1 path directly across the loop of the tele-
phone and the capacitor is cpnnected to the dial
puise springs to serve as a spark suppressor (to
pravent eXxcessive sparking or arcing at the con-
tacts of the pulse springs). The d-microfarad ca-
pacitor in the talking circuit (part D of fig. 13)
improves the wansmission efficiency of the tele-
phene. The thre:-winding induction coil (wound
on a iaminated iron core) performs three func-
tions:

A}

a. Couples the receiver and transmitter to the
loop o the telephone.

b. Increases the efficiency of tramsmission by
boosting the voice frequency currents de-
veloped by the transmitter,

c. Minimizes sidetone. Sidetone is the sound
of one's own voice in the receiver of a
rejephone.

£-5. The talking circuit consists of a transmit-
ter, a reestver, an induction coil, a 4-microfarad
capacitor, and the dial impuise springs. These cir-
cuit components are used for both the trans-
mission and reception of speech.

6. The Touch-Tone ‘LTe[ephone

-1. Since manufact\grers often desire different
igntifying terms for thé equipment they develop.

and shunt out the receiver and transmitter so that .

you will find that the same function in tele-
phone systems is accomplished by two equipment
units which have different names. To illustrate,

a dual«ong multifrequency (DTMF) key set does -

the same’ job as a touch-tone multifrequency
{TTMF) subset. The key set may have more
buttons and be used with a different system, but
your depression of the pushbuttons produces the
same resuits.

6-2. A touch-tone dial keyboard is illustrated
in'figure 13A. Although it has 12 pushbuttons,
there-are subscriber sets with 10 and 16 push-
buttons. The pushbuttons idectified as B and C
are used for special service signaling. For ex-
ample, a conference connection between sev-
eral stations could be made while using the C
pushbutton. This type subscriber set has an osvil- .
lator which has several tapped terminals. (Aan-
other set may have a pumber of small solid state
oscillators.) Figure 14B. identifies the TONE
MATRIX. Depression of each touch-tqne push-
button causes two tones to be counected to the
telephone line. To illustrate, each pushbutton in
figure 14B, is represeated by 3 circle and a digit.
A depressed 7 pushbutton connects the tones.
852 and 1209 to the line. Figure 14B; shows the
low frequency (832) at a horizental line and the
high frequency (1209) at a vertical line. Using
this arrangement, what frequencies are placed on
the line when you press the touch-tone push-
button 0?7 Yes, the low-frequency 941 and the
high-frequency 1336 tones are connected to the
line! The calling subscriber will hear these tones.
In time he will recognize the fact that he has
made a good or bad selection by listening to the
tones.

6-3. Telephone systems must be compatible.
That is. ecach system must be able to operate
with ail other telephone systems. The specialized
telephone equipment likewise must function in
this manner. To make this performance possible,
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equipment has been developed for use with step-
ping and crossbar systems. This equipment must
aceept signals from two-way circuits and trans-
form them to rulses that are usable in the regu-
lar télephone switching equipment.- Similarly, sig-
nuly {rom a rotary dial and a single pair must
be usabie i1n the switching center.

6-4. A lifted handset may do several things.

- You may see it operate a relay in the iine equip-

ment of the switching center. This is the normal
response in a regular switching center. In the

specialized: equipment” system, a receiver (elec-

ronic uait) is operated. As a result, dial tone
is returned to the calling subscriber. This dial tone
is .provided by the selector of the telephone
switching equipment or by the receiver of ‘an as-
saciate electronic unit. Alsy dhe lifted handset may

signal an operator at a switchboard. You can’
see, then. that the equipment that responds is de-

termined by the system installed. '

6-3. You know that. following your reception
of dial tone. vou dial the selected number. The
operated rotary dial pulses the dialing relays of
the selector and the conmector in a regular tele-
phone system. The same relays can be affected
when electronic equipment changes TTMF origi-
nated tones to pulses. In this case the tones op-
erate a device in the electronic equipment which,
in ram. sends pulses to the incoming seiector.

6-6. In another arrangement the eclectronic

- equipment unit at the switching center accepts

the two tones from a3 DTMF key set and either
sends them in that form to a second electronic
unit or transforms them to logic information for
further use in the electronic equipment. NOTE:
Logic information for our purposes refers to a
second type of electronic signal. Following arrival
of the tones at the electronic switching equipment
and therr transformation in this equipment, pulses
ire sent to the succeeding electronic equipment.
These puises give the same result as does the
duphicate digit from a rotary dial; they pick the
line of the called party. ,

~-7. An incoming cail to a PABX is processed
b the operator. The call may be forwarded as
tone signaling or pulse signsliog. -1t may be com-
rleted by an electronic telephone system or an
sieciromechanical system. Remember, if the call-
Ny station 1s a rotary dial station on a two-wire
.ne. the connection with the called two-wire sta-

" uon ¥ completed with the {amiliar electrome-

chanical methods. A connection fo a touch-tone
called station r:quir:; signal conversion for call
compietion. .

6-8. The conversational circuit between a call-
g rotary dial station and a called touch-tone sta-
oD requires conversion by the electronic Switch-

-

Qf)
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ing equipment. Vice versa, the transmitting circuit '58

between a calling touch-tone station and called
rotary didl station also requires signal conversion.
Units that provide signal conversion are referred

to as “interface equipment.” :

6-9. All telephones permit a subscriber to ac-
tuate equipment in a switching center. Although
the operation of the subset may be different, the
end resuit is the same. We will now describe a
sample operation of telephone switching equip-
ment. . '

7. Control of Switching Equipment

7-1. Shown in figure 15 is a simplified sche-
matic diagram of the subscriber’s dial and its
relationship to the central office equipment. You
will understand how it operates when you have
read the following paragraphs discussing seizure,
dialing, and release.

7-2. Seizure. When the subscriber removes his
handset {rom the cradle of the telephone. the
hookswitch cperates and completes a path for
current which extends from ground through the
upper winding of relay A, the hookswitch, the
pulse springs, and back through the lower wind-
ing of relay A to the battery and ground. Relay
A operates to close its make contacts and com-
plete a path for current through the winding of
relay B and the make contacts of relay A to
ground. Relay B operates to prepare an operat-
ing path for the magnets. The path to the mag-
nets is open at the break contacts of relay A.

7-3. Dialing. The subscriber puils the {ager
plate around to the finger stop. If he places his
finger in the finger plate hole above the numeral

“

< and puils the piate around to the finger stop.

-

then when the finger plate is released there are 2
pulses. or interruptions. of current in the operat-
ing circuit of relay A. These pulses of current are
listed below as brea} -:d make. Break and make
state the condition of the dial puise springs. The
break condition exists when the nulse springs are
open, permutting no current through relay A,
which causes it to release. In the make condi-
tion the pulse springs are closed; this lets cur-
rent through the relay A circuit and causes it o
operate. .
7.4 As the subscriber dials the numeral 2,
the following sequence of events takes place:
a. lst Break
(1) Relay A releases.
ra) Opens the aircuit to relay B, Relay

B does not reiease during pulsing as it

is a3 slow-to-release relay.)
ihy Closes the operaung arcuit to the
magnets.



Sq - (2) Magnets operate. (Magnet operation

causes a step-by step or XY switch to
move its wipers cne step.)
b. Ist Make <
(1) Relay A reoperates.
(a) Opeas the gircuit to the magnets.
fb; Closes the circuit to relay B.
(2) Magnets release.
¢. 2d Break
(1) Relay A refmres _
(a) Opens the circuit to relay B.
(5) Closes the circuit again to the magnets.
() Magners reoperate. (Steps the switch
. one more step.)
d. 2d Make )
(1) Relay A reoperates.
(a) Qpens the circuit to the magnéts.
(b) Closes the circuit to relay B.
(2) Magners release.

7-5. When the subscriber dials a larger aum- .

ber, there are more breaks and makes, operating
and releasing the magnets more. times. For exam-
ple, if the digit dialed is 6, there are 6 breaks
and makes, operating and releasing the magnets
6 times, which in tumn step the switch 6 times.

7-6. Relesse. When the subscriber hangs up
{ places the handset on the cradle switch), the cir-
cuit of relay A is opened. Relay A releases and
opens the circuit to relay B which, after a delay,
also releases.

SUBSCRIBERS EQUIPMENT

DIAL

PULSE SPRINGS
-~
./ ?

iV S

HOOK SWITCH A

8. Telephone Dial Coastruction,
Operation, and Wiring

8-1. The telpehone dial shown in figure 6

_is a part of the telephone set. We saw that it s

the umit the subscriber uses to control the cen-
tral office switching equipment. It is a pulse-
sending device, or circuit interrupter, operated
by the calling subscriber.

8-2. Dial Construction. Although the dxa.l
shown in figuré 16 is not of the most recent
design, it illustrates the basic parts of a typical
telephone dial. As shown in the illustration, the
dial coasists of the.'following basic parts: num-
ber plate, finger plate, ﬁnyr stop, mounting

. pilate, pulse cam, pulse spring assembly, shunt

Spnng assembly, shunt cam, helical restoring
spring, ratchet drive mechanism and govemor
assembly. , .

8-3. Number plate. The number plate contaias
the numerals 1 through 0. On the metropolitan
dial, the letters of the alphabet .are included.

8<4. Finger plate, The finger plste contains 10
holes equally spaced. Whea the dia] is at normal,
each hole is located over cne of. the numersis on
the number plate. The finger plate is' operated
by inserting the index finger into one of the 10
holes corresponding to the digit to be dialed.

Then the finger plate is pulled in a clockwise

direction until the finger hits ths finger stop.
When the finger plate i§ relessed, spring pres-

CENTRAL OFFICE
EQUIPMENT

—

PULSE CAM

L
ST

MAGNETS

i

Figure 15 Simplified dial and switeh circuit.
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PULSE SHORTING ARM
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v BEARING SCREW

STOP SPRING
PULSE CAM HEX NUT
Figure 16. Typical telephone dial.
sure puils it back in a counterclockwise direc- 8-7. Pulse cam. The pulse cam is a two-lobed

ton and causes the pulse cam to operate and  cam which actuates the main pulse spring. The
send out a number of pulses corresponding to  cam is driven by the main drive gear as the
the digit dialed. The dial card is attached to the  finger plate returns to normal.
finger plate and usually contains the telephone 8-8. Puise spring assembi{y. The puise spring
aumber of the subscriber’s telephone. K assembly comsists of two contact springs and a
8-5. Finger stop. The finger stop is a metal  back stop. The pulse springs are actuated by the
projection that extends over the surface of the  pulse cam,
linger plate to stop the finger during dialing 8-9. Shume spring assembly. The shunt springs
This insures that the movement of the finger (sometimes called otf-normal contacts) are placed
piate is stopped at the same position every time. . on the dial to shunt out the receiver and trans-
8-6. Mounting plate. The mounting plate is a  mitter , durihg the pulsing period. The shunt
shallow metal cup to which ail of the dial parts springs are held open by the shunt cam when
are attached. It is a means for mounting the diai the finger plate is at normal. As soon as the fin-
to the telephone. ger plate is moved off normal, the shunt cam

17
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causes the contacts to close uatil the finger plarte
again returns to normal.

8-10. Shuns cam. The shumt cam is a two-
lobed brass' cam mounted on the end of the
man dial shatt. One lobe of the cam actuates
the shunt springs: the other lobe moves the pulse
springs away from the pulse cam after the last
pulse to give a time delay between the last pulse
of one digit and the first puise of the next digit.

8-11. Helical restoring spring. The helical re-
storing spring attached to the main drive gear
shatt furmshes the power to operate the dial
dunng the pulsing period.

8-12. ,Raicher drive  mechanism. The ratchet

drive mechanism consists of a pawl and ratchet
sear attached to the main drive gear. As the fin-
ger plate is operated, the pawl clicks ovér the
rarcher teeth so that the pulse cam and gover-
nor remain at rest. As soon as the finger plate
is released and begins to restore, the pawl en-
gages one of the ratchet teeth and sets the dial
mechanism mto motion.

8-13. On later model dials using the friction
type pawl silencer, the pawl is lifted away from
the rarchet teeth as the dial is moved off normal
and does not drop into engagement with the
ratchet ieeth undl the finger plate is released.

8-14. Governor assembly. The dial governor
automaticaily regulates the speed of the dial pulses
to msure umform response of the central office
switching equipment. The pulsing speed of a
properly adiusted dial is 10 pulses per second.
The dial timing must be highly accurate to allow
*he switching equipment to function. Proper gov-
Srnor setting insures that the pulses are sent at
ihe vorrect speed. The acceptable speed for the
dial most used in todayvs telephone is 9 to 11
pulses per second (pps), 10 pps would be per-
T

3-13. When performing an operational check
~f 4 telephone (bench repair or troubie report)
and you suspect diad trouble. you shouid cail the
et board tor 2 dial check. The central office has
the test equipment to check the speed of the dial.

S-16. Operation. [n general the operation of alt
dials 15 sumilar. When the subscriber wants a num-
ber, he places his finger in the hole in the finger
plate that corresponds to the digit 10 be dialed
and then tums the plate in a clockwise direc-
ton unul his finger hits the finger stop. This
‘urming winds the dial drive spring and operates
the disl shunt comtacts. The dial is then readv
W function. When the subscriber releases the
finger plate the drive spring retums the mech-
irnsm to the unoperated position, While the
mechamism is returning (o this position. the pulse
cam operates e pulsiig springs. opening and
viosing the pulsing circuit the same number of
nmes as the number of the digit dialed. As the

-
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finger plate reaches its unoperated position, the
shunt comtacts return to their mormal position.
Furthermore, as the finger plate returns to its
oormal position, a governor controls the retum
speed—thus determining the rapidity of the puls-
ing operation.

8-17. Operational Differences. Although many
telephone dials are constructed differently, the
puising springs on all dials perform in approxi-
mately the same manner. The main difference be-
tween the different types of dials is in the
operation of the shunting spring contacts. To ob-
serve this difference in shunting spring operation
and to further vour studies of dials and dial
wiring, refer to the schematic diagram in figure
17.

¢-18. Dial Wiring. The heavy lines in this
illustration indicate the path of the dial pulses.
Note that when the dial contacts between springs
3 and 4 are operated, they short circuit not only
the transmitter but also the primary winding of
the induction coil. ‘Short circuiting the primary
winding reduces interference between the tele-
phone and any nearby radio equipment during
the dialing period; it also reduces the dialing cir-
cuit resistance. Also note that the dial contacts
between springs S and 6 (fig. 17) open the re-
cetver circuit when the dial is moved off normal.
This is directly opposite from the circuitry shown
in figure 13, where the receiver circuit is shorted
by the shunt springs. In figure 17 the pulsing
contacts ({ and 2) are always closed except while
the dial finger plate is returning to normal. When
a digit is dialed on this telephone, the pulse
cam causes these contacts to open and close
while the finger plate is returning to normal.
The number of times that the contacts open and

close correspends to the number of the digit '

dialed. Thus these contacts pulse the line circuit.
causing current surges that coptrol the switching
equipment at the central office.

9. The 500-Type Telephone

9-1. The subset that is most widely used
throughout the United States is the commercial
500 telephone. As menuoned in Chapter 1, this
telephone was adopted bv the Armyv and Air
Force as the standard telephore for both ser-
viges.

9-2. Aithough the 500-type telephone is manu-

factured by most of the major telephone egquip-

ment manufacturers, there are only two such
instruments in which the parts and circuits are
identical. The 500-type telephones manufactured
by Western Electric Companv and by [TT-Kel-
logg are identical. Thev use identical parts and
wiring, and all of the parts are interchangeable.
When we speak of the 500 teiephone. we are

*
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Figure 17. Dialing circuit schematic.

refernng to the identical instruments made by HAND HOLD
tese two companies. With the knowledge gained
from sour previous studies as well as from this
part of the text. you should have no trouble in
understanding the operation of amy of the 500-
Ty peinstruments.

9-3. The 500 telephone. lilustrated in figure
I8, is of the type that is commonly used at the
present ume. As you can see in the illustration,
thq part identified as the finger plate in figure TRANSMITTER
i6+is called the dial wheel. You should also
observe. that the dial numbers and letters are lo-
cated on a plate outside the dial wheel rather
than under it. To explain this telephone more
thoroughiy. let's first discuss its components and
vonstruction, and then its circuits and operation.

9-4. Components. The major components of
the 500 teiephone are basically ths same as those
described previously. They consist of a handset, a
telephone housing assembly, a handset cord, and
4 mounting or deskstand cord. The handset is
>aorter than the older types——thus placing the ‘
transmitter closer to the speaker's mouth dunng Figure 18. 300 type telephone.
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operation. The handset cord uses four conduc-
tors, two for the transmitter and two for the re-
ceiver., Remember that the older handset tord
uses three cotrdictors; one for the recsiver, one
for the transmitter, and one that is common to
both the transmitter and receiver.

9-5. For a telephone to operate in an auto-
matigssystem, it must have the same basic parts
as described previously. It must have a trans-
mitter. a receiver, a hookswitch, a ringer, a’ dial,
an induction coil, and a capacitor. All of these
parts are necessary i'g[ihé telephone is to operate
satisfactorily. Although these parts_are designed
and arranged differently, the 500 telephone uses
all of them plus some additional ones to improve
its operation. To explain the parts used ia this
telephone, let's consider them individually.

9-6. Transnuter. The transmitter used with the
500 teiephone is illustrated in-figure 19. Although

this transmitter looks like the older type of carbon -

transmitter, its operation has beenm greatly m-
proved. One of the main improvements in this

transmutter 1s 3 special treatment of the carrzmn; -

crunules, which provides continuously a ore
uniform contact and thus an improvement in the
quality of transmission. Also, the carbon cup and
diaphragm electrode are shaped so thar the car-
bon granules cannot fall into a corner and pack,
and the transmitter may be uséd in any position.

9-7. The method used in mounting this trans-
mitter in the handset is also different from the
older methods of mounting. In figure 19 you will
notice a plastic cup mounted in the handset
opening just below the transmitter unit. The
rransmitter conductors from the handset cord are
connected to the lower side of the plasuc cup
by screw-tvpe terminals, These terminals extend
through the plastic cup. to spring contacts which,
i turn, are engaged with silver contacts on the
lower side of the transmitter unit. Thus when the
cap that holds the tramsmitter unit in place is
unscrewed, the transmitter unit can be lifted off
the spring contacts. facilitating the removal add
replacementrof the transmitter unit. Besides being

q TIARNNALNM
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Figure 19. Transmitter for $00 telephone.
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Figure 20 fi:ceiver for 500 relephone.
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a mounting for the transmitter unit. the plastic
cup. performs other important functions in the
_handset. Figrst. because of its shape, 1t forms a

* controlled acoustic cavity back of the transmitting

unit. Second, the cup provides an acoustic shield
‘between the transmitter and receiver. If it were
not for this acoustic shield. the sound would
travel through the hollow handie of the handset
from the transmitter td the receiver and vice versa,
with an adverse affect on both tragpsmission and
reception. s

9-8. Receiver. The receiver used with the tele-
phone is illustrated i {igure 20. Note thar this
receiver’ is constructed with a ring magner thut
greatly improves its operation. Also. with its dia-
phragm constructed in a dome shape the rz-
ceiver is much more efficignt and has g greater
{requency response than the older receivers, Be-
cause this receiver is so effigient. a varistor is
connected across the terminals to protect the user
from high acoustic feveis that may be caused by
stray electrical voltages eatering the telephone
circuit, The varistor also protects the receiver
magnet from being demagnetized by such stray
voltages. You should also note while looking at
the illustration that the receiver conductors from
the handser cord are connected to the recewver
unit bv terminal screws, Thus it is necessary to
disconnect these terminals before vou can ‘re-
move the receiver unit.

9-9. Hookswirch. Rivets attach the hookswitch
mounting bracket to the teiephone base plate.
The switch assembiy with its protective piastic
housing is attached to the mounting bracker in
a manner that facilitates the operation of its ¢on-
tacis by a switch control lever. Operation of the
switch is illustrated in figure 21. This illustration

g
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shows the contacts in two positicas. In the upper
part of the illustration they are in the position
they assumie when the handser is in place on its

cradle—in the lower part of the illustration they

are in the position they assume when the hand-
set is tifted from its cradie.

9-10. In the lower part of figure 21, the con-
tacts age :dentified aiphabetically by the letters A
through G. se letters also apply to the con-
tacts n the uppRr part of figure 21. As you will
see ‘later, these letterd are used in schematic
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A

CONTACTS OF SWITCH

PUSHED OPEN 8Y

'WE'GHT OF HANDSET
s :

HANDSETY LIFTED

WiTH RANDSET LIFTED,
SWITCH MOVES AS SHOWN
& CONTACT POINTS COME
TOGETMER TO COMPLETE
THE CIRCUIT AS SHOWN

.

SHORTING CONTACTS
CPENED

RECEIVER

RECEIVER

drawings to identify the hookswitch contacts.
In the upper part of the illustration, comtacts F
and G are closed to short out the receiver when
the handset is in place onm its cradle. Also the
line to network coatacts (B 1o € and D o E)
are open whed the handset is in place. There-
fore, except for the ringer, the telephone com-
ponents are disconnected. from the line whenever

the handset is on its cradle.

9-11. Now when you cxamine the lower por-
tion of figure 21, you will see the position of the

'

, \ . HANDSET IN PLACE
\

‘ ‘ %

\ ‘ ‘ o’ \\

SHORTING CONTACTS
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# e STRAP REMOVED
FCOR SPECIAL
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1
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LINE

NETWORK

LINE CONTACTS
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RINGER
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Figure 1. 500 telephone hookswitch.
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contacts when the handset is removed from its
cradle. In this position, the shorting contacts (F
and G) are open—thus removing the short from
the receiver circuit. Also, the line to nerwork con-
tacts (B to C and D t0 E) are closed to connect
the line to the network and telephone circuitry.
The ringer to line contacts (A to B) are open.
It should be noted. however, that the ringer [ead
to comtact A is ot normally used in the ringer
curcuit. It is used oaly for special types of service.
9-12. Ringer. The ringer used in the tele-
phone is illustrated in figure 22. The components
of this assembiv include a ringer frame, wo
ringer <oils wound on one spocl, a coil core, twc
permanently mounted resonator shells. two brass
gongs. a biasing spring, an armature stop rod,
and a ringer loudness-control arrangement.
9-13. The ringer parts are attached to the
ringer frame and the entirr assembly is mounted
on the telephone base picte. The loudness-con-
trol feature is made accessle to the user by a

-]
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knuried section on a control wheel that extends
through a rectangular slot in the base plate. The
entire ringer can be replaced as an assembly; or
the ringer coil. coil core, and brass gongs can be
replaced individually. Other than these, the ringer
parts are not replaceable at any maintenance
level. As vou can see in figure 22, the biasing
spring tension is determined by placing the spring
in one of two notches on the biasing spring
bracket. One notch provides high tensions and
the other notch low tension. If it becomes neces-
sary to remove and replace the ringer coil. vou
MUst use care o mainiain polarity of the cqy
core and permagent magnet. If the permanen:
magnet becomes discharged, it must be remag-
netized before the ringer can be used. One rea-
son for this is that the ringer operates with two
cotls wound on one core to form one electro-
magnet. The permanent magnet must furnish mag-
netic force normally furnished by a second elec-
tromagnet on other ringers.

RESONATOR
SHELLS

DETENT SPRING

< JUCNESS IONTROL CAM

-~ WCNES3S
IINTROL
YREEL
$T2P ROD
MAGNETIC SHUNT 2\
'
JTIL LEACS A\

RINGER CLAPPER

FRAME
SIASING 3PRINC

) BIASING SPRING
BRACKET
> {HIGH TENSION NOTOK)

\ PERMANENT MAGNET

b LOCATING PIN

Figure 22 Ringer for the $00 telephone.’
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9-13. Digl. Figure 23 shows a resr view of the

dial assembly, for the telephdne. In this illustra-
tion, the protective housing hns been removed to
provide a better view of the As you can see
in the iflustration, this dial has Basically the same
parts as those discussed previously but they are
consiructed and arranged differently. The dial
contact springs, molded in a block of insulating
material, have attached leads that are equipped
with spade tips to facilitate their connection.
When the telephone is assembled these dial leads
are connecied to screw terminals on the net-
work terminal board. There aret only \two pairs
of contact springs provided on this dial: one pair
for pulsing, and the other pair for shart-cucmt-

Cial PRQOTECTIWVE =QUSING

MAIN GEAR

SPRING 3LOCK

ing the receiver winding when the dial is in the
off-normal position. You should note that while
these springs are called “shunt contacts” in figure
23, they ape also called the “off-normal ccntzm"
in many diagrams and drawings.

9-15. When the dial is completely assembled,
the mechanism is protected by a plastic housing
that covers all the parts except the spring ter-
minal leads. When the telephone is assembled,
the dial assembly is mounted on a dial mounting
bracket riveted to the telephone base plate.

9-16. Network. In the previous paragraphs
we discussed the transmitter, receiver, hookswitch,
ringer, and dial. These are only five of the seven

~AL A IVEMNUR

Figure 23. Dial for the 500 teiephone (rear view!
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components whick are necessary for the opera-
tion of a modem telephone. The other two com-
ponents are the induction coil and capacitor. The
induction coil and capacitor, however, are sealed
into a nerwork assembly in the telephone. There-
fore, we will cover these two items in our dis-
cussion of the network and circuits.

9-17. The network assembly for the telephone
is shown in figure 24. Its parts are mounted in a
metal container with their leads brought out to
terminals on a plastic terminal boggd. In addition
to the induction coil and ringing capacitor, there
are three other capacitors, three resistors, and
Two varistors contained in the network assembly.
In the construction of this assembly, the parts
are assembled and placed in the can, and then
the remaining air space in the can is filled with a
maoisiure-proof sealing compound. This procedure
seals the network so effectively that very little
trouble is caperienced with this part of the tq!si
phone.

9-18. As the telephone is assembled, the net-
work is riveted to the telephone bgse plate, When
a part of uie network goes bad, ‘it is the usual
pracrce to replace either the network or the tele-
phone. Normally the telephone .is replaced for
the customer and then the oid telephone is taken
to the shop where it is repaired by replacing the
network assembly. It should be mentioned, how-
ever, that in some cases when the ringing capaci-
tor goes bad. it may be corrected by installing a
special capacitor on the outside of the network.
To give vou a better understanding of the net-
work, we will discuss its intermal circuits along
with the circuits used in the 500 telephone. But
before we discuss these circutts, let's brietly con-
sider the arrangement of the telephone compon-
ents and parts.

Figure 24. $00 ielephone petwork assembiy.

[4
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9-19. Arrangement of pm\'rs on the base plate.
Figure 25 is an illustration of the telephone as-
sembly with the housing removed. Note the lo-
cauon of the various parts. The d.'%is mounted
on a bracket at the right of the illistration. The
hookswitch, with its arms extended out over the
other components, is mounted next to the dial.
The ringer and network assemiblies are also
plainly visible. "You can see where the handset
and mounting cords are heid by metal fastening
devices at the ‘edge of the tciephone base plate.

9-20. Circuits. The circuitry of the 500 tele-
phone may be divided into five circuits as fol-
lows: ringer ‘circuit, transmitter circuit, receiver
circuit, dial circuit, and antisidetone circuit. These
circuits are all included in the wiring diagram il-
lustrated in figure 26, which is actually a complete -
schematic wiring diagram for the 500 relephone.

~ Before we discuss the five ¢ircuits, however, there

are several points that should be made clear in
respect to the wiring diagram. First of all, the
network parts dnd terminals are ali shown inside
of a dotted line on the diagram. The terminuls,
with their identifving letters and numerals. are
shown in the same relative positions as they ap-
pear on the network itself. For the purpose of
explanation, the intermal parts of the network
have¢ been identified with lettesrs and numerals
in the {llustration. For exampie, the primary wind-
ings of the induction coil are identified as Pl
and P2; the secondary windings are identified as
S1 and S2. The resistors are identified as RI,
R2, and R3; the capacitors as C1, C2, C3. and
C4, and the varistors as CR1 and CR2. We point
this out because in mdny diagrams the network
parts are not :dentified: probably because they
are not replaceable as individual parts. However,
when it is necessary to identify the network parts
in 1 diagram, the identifying symbols as shown in
figre 26 are normally used.

. 9-21. Now observe the conductors at the up-
per right of figure 26 identified as T and R. The
T and R stand for tip and ring, as was explained
in the resident course. Tip and nng. as you may
recall, refer to the lines from the central office.
the names coming from the parts of the jack and
plug ysed on the manual common-baiery sitey-
boarl. The ring side of the lige us always con
nected to negative battery a: the cantral office
and the tip side is connected to positive battery
and ground. Thus, in.respect to the battery cur-
reat furnished to the modem télephone. the ring
side of the line is negative and the tip side of
the line is positive. The tip side of the line is
connected to greund at the central office except
during the ringing period in certain tvpes of ring-
ing systems. (This feawre will be further ex-
plained along with ringing systems 13 2 later vol-
ume. ) :

<



SWITCH ARMS

NETWORK

RINGER LOUDNESS CONTROL

LR

Mt

¢

¥

Figure 25. Tnside view of SO0 telephone.

o

e

'

"
H
4




Nedbg >

IOCONNECE > wiit jial ju i
FENMINAL FUN {iiAL SINVH ¢
CONNECT Bu Mt 14 XMINAL § OX
MANUAL SERYKCE

4 WHEN HANIDE T 1S MEMOYE D
CONTALTS LU O8N MARE AND
A 0 ENEARY BEPUNL G | MNEARY

HGR SWETL
VLo e
RS
4
v - - 1
X
oo b -
.
s R
£ PENTTEY
1]
O

ERI

. PAruntext provided by eric

Y GNN

W L

S witl

S HkN

MOUNTING CONp

- .
~ an "Rl L
ar?»; ST TR | | g
N s 5 h t 11y ¥
Lid- - [- = (R R
Ko _s . e L\ T} connEcuing
. .‘"“‘“‘Jp - ué G 12 | woc
s a
. {0 { n I
§
VAN :
o e 09 5.1 1 - .
i i s I '
- —_ —_ — - e e = — e cmmleat l :
. pe Wi
I G L .
- I _‘% _J *
L I . PR ——
\ v L
o t Ry
7 3 "‘{ Q‘_)i_’
_ €2 ¢
R i . GRN b A ——e
i | = %2 .
N 1] | .
- '1' B | P &xj
(N3 S R . {“ i INT W\ 4 220 \R2e
- .__‘b-‘,,‘k: = . .= = —
S obd I et i ‘L_~_rml_0q;unq
L - Lo NUNMAL ke i b
R :" AMIR i
w2 oAy ] -
edoe - P
HANGSET | L
e T SN Y ) o}
l LJ
. - - ——— e i_ -_._Aﬁb " X
Bik
- L — et e e o e e = = e—— ?-—(.1. f
Wit S SRS W — .
o \ B T U
- - - S — L .
A e e e e

Figure 26, Schematic-wiring 'dia;rum for SO0 telcphone,

&)

—

2

-

-

e M S e A GRY WS AR AR A W T G Gwen s e W SR AR WP wwR G e T SR B WD RS SRR

L



’\‘ /
™

A

9-22. When a ground symbol is used on a tele-
phone schematic it usuaily means a common con-
nection to positive battery. If an earth ground is
intended, it is usually so marked on the diagram.
This applies to the ground used during telephone
installation, such as the coanection to a water
pipe. a ground rod, etc.

9-23. Before we discuss the circuits of the tele-

" phone. let’s briefly mention the identification of

the tip and ring sides of the line. To provide an
»casy means of locating the two sides of the line at
conaecting blocks and terminals, it became the
custom during telephone installation to always
connect the ring side of the line on the right-hand
terminal and the tip on the left. Also it became
a practice to use red and green wires inside of a
house .to connect the lines to the telephone.
These same colors are still used today. The red
wire is.used for the ring side of the line and
the green wire is used for the tip. This brings
up a term that is frequéntly .used by telephone
installer-repairmen. The terma is: “RED-RING-
RIGHT.” The RED wire is the RING conduc.
tor and it is connected on the RIGHT. In ad-
dition, the RED wire is connected to hattery and
it is negative {a respect: to the tip or ground.
Now that we have discussed the wiring leading

up to the telephone connegting block, let's con-

sider the telephone circuits individually, starting
with the ringer circuit. :

9-24. Ringer circuit. As you study the circnits
in figure 26, assume that the conductors are ex-
iended from the central office to the.teleplone
connecting block. With the conductdérs so con-
nected. the central ¢ffice can extend either bat-
tery or ringing current to the telephone. In figure
16 the telephone mounting cord extends from

" terminals of the network to the connecting block.
The green (GRN) conductor goes from the tip
terminal at the connecting block to the L1 ter-
minai on the network; the veilow (YEL) conduc-

" tor ffom the tip terminal to the G terminal on
the network; and the ‘red (RED) conductor from
the ring terminai og the connecting block ta the
L2 terminal on the network.

9-23. The four ringer leads, as you can see in
figure 16, are connected <o terminals A, X, G.
snd L2 on the network. By being so connected,
the ringer Circuit is always completed to the tip
and ring leads. For the cenatral office to apply

ringing current to the ringer. however, the hand--

sel must be on, its cradle to discomnect the tip

, <nd’ring leads from the transmitting and receiv-

g arcuits. 1f you will take a close look at the
hookswitch contacts in figure 26, you can see that
contacts B-C and D-E are open. Therefore the
handset is on its cradle and the tip and ring leads
are disconnectec from the receiving and trams-
mitting circuit. With the hookswitch contacts in
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Figute 27. Ringer circuit schematic diagram.

£
this position, the orly circuit that is completed
to the central office is the ringifg circuit. To
make this circuit.easy to trace, it {s shown indi-
vidually in figure 27. As we track the ringing
current through this circuitry, see if you can fol-
low the ringing circuit in both illustrations (figs.
26 and 27).

9-26. The ringing current. applied by the cen-
tral office is normally an ac voltage of approxi-
mately 85 volts with a frequency of about 20
cycles per second. Since the ringing current is ac,

_ it alternates bBack and forth in the circuit. first in

one direction and then in the other. For the
purpose of following the ringing current, how-
ever, let's assume that at the instant we are trac-
ing the circuit, the current is -leaving the central
office on the ring lead and is retumning to the
central office-on the tip lead. Based on this as-
sumption, the ringing current passes from the
central office to the connecting block via the ring
side of the line and then through the red (RED)
conductor of the mounting co.d to ierminal L2

,on the network. From terminal L2, the current

passes to the 2650-ohm ringer coil over the red
(RED) ringer lead, through the ringer coil and
the slate-red (S-RED) ringer lead to terminal
A on the network. From terminal A on the net-

. work, the current has the effect of passing through

capacitor C4 to terminal K. From tefminal K.
the current passes to the 1000-ohm ringer coil
via the slate (S) ringer lead. and then through

.



7 the ninger cod and black (BLK) ringer lead 10
termunal G on the network. From terminal G, the
current passes over the vellow (YEL) mounting
cerd lead to the tip terminal on the coanecling

block, and then it returns to the cemrnl office
over the tip conductor.

9-27. Transmutier circiit. Before the transmit-
ting, receiving, or dialing circuits can operate, the
handset must be removed from its cradle. If the
handset were removed from its cradle on the set
Hustrated in figure 26, the hookswitch contacts
would change as follows: contacts A-B and F-G
would break (open) and contacts B-C and D-E
would make (closé). In this action the break-
ing of contacts F-G would remove the short from
across the receiver, and the making of contacts
B-C and D-E would connect the tp and ring
conductors through to the telephone circuitry. In
this condition, current wouid flow from the cen-
tral office to the telephone trapsmitter via the tip
and ring conductors. Let’s trace the path of this
current through the telephone transmitter circuit.

9-28. To provide vou with an easier path to
follow. the telephone transmitter circuit has been
redrawn :n figure 28, However, you should have
no trouble in tracing the path of current in either
of the circuits illustrated (figures 26 or 28).
When the handset is removed from its cradle,
allowing the hookswitch to operate. d¢ from the
central office passes over the ring side of the line
to the connecting biock and then over the red
{RED) mounting cord conductor to terminal L2
of the network. From terminal L2, it passes over
the siate-vellow (S-YEL) wire to the operated
B-C contacts of the hookswitch and then over
the slate-brown (S-BRN) conductor to terminal
C..on the ne'work., From terminal C. it passes
'Hmugh nduction cotl windjng P2, resistor R1,
erminal B! through the black (BLK) conductor
of the handset cord to the transmitter. and then
via the transmitter and red (RED) conductor of
the handset cord to ierminal R on the network.
After the current leaves terminal R, it passes
» trough induction coil winding P!, terminal RR.,
4%t creen (GRN) wire fead to the dial, the nor-
mally closed pulsing contacts. and then via the
biue (BLU) wire from the dial to terminal F on
he network. From termimal F on the network.
the current passes over the slate-white (S§-WHT)
wire 10 the operated D-E contacts of the hook-
switch, through the contacts aid .he slate-green

{S-GRN) wire to the L] terminal, and then over
the green (GRN ) conductor of the mounting cord
to the tip side of the line at the cofjnecting block,
From this point, the current returns to the posi-
tive side of the battery at the ceatral office via
the tp side of the line.

9-29. Note in figure 28 that the transmitter

current {lows through both primary windings (Pl

and P2) of the induction coil. Also note that the
current flows through these windings in opposite
directions. That is, the current that flows through
winding P1 in one direction flows through winding
P2 in the opposite direction. Thus with any cur-
rent change in the circuit, these winding$ aid each
other through the process of induction. Therefore.
when someone speaks into the transmiitter, caus-
ing its resistance to vary. the changing current
values in the circuit cause strong voice currents
to be induced in the induction col windings.
These voice currents, besides being applied to
the network circuits, are applied to the tele-
phone lines leading to the cenwral office. If these

* lines are connected through to another telephone.

the voice currents are applied to the receiving
circuiry of that unit. Before we trace these voice
currents through the receiver circuits, let’s brietly
discuss the equalizing feature of the telephone.
9-30. When voice currents are induced in the
transmitter circuit, they pass through terminals RR
and C of the network assembly. These voice cur-
rents are also applied to the tip and ring con-
ductors via the circuitry of the dial, hookswitch,
and connecting block. assembly (see fig. 28). By
the same token, when voice currents are received
by the telephone. they enter the circuitry over the
tip and ring conductors and go through terminals
RR and C via the connecting biock, hookswitch,
and dial circuitry. To keep the speech voiume
approximatelv equal at telephone sets located.
at varving distances from the central office, the
telephone is equipped with an equalizer circuit.
The cqualizer circuit consists of two parallel
circuit paths between terminals RR and C. Oné
of these paths is through resistor R3 and varistor
CRZ (see fig. 28). The other path is through
winding P1, varistor CR1. and windings ST and
P2. These circuits tend to lower the voiume
when »rong voice currents are applied but offer
little opposition to the passage of weaker voice
currents. A o
9-31. Receiver circuit. Durigg o teiephone
conversation the voice currents from the distant
telephone are applied to terminals RR and C

on the network, These gurrents. which are varv- {

ing in nature, pass through windings P! and ‘Pl
in a manner similar to that described for the
transmitter circuit:” As-these varving voice cur-
reats pass through windings P1 and P2, they
mduce an ac voltage in wmdx.nz S1: This ir dutéd
voltage in wmdmk Si‘ Causes curregt to ﬂu“: ]

the receitver 1 the handset, To trace this current LY

in the reteiver circuit.: refe: to figure 26 while
reading the foligwing pamzrnphs

9-32. The xnduc:d voltage in winding S!
causes current rc How from one end of the wind-

-

'

ing to termifal GN and then through a whitz |

{WHT) 'ead irf the handset~cord to the receiver ¥

ry
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umit w the handset. From here it passes through
the receiver unit and then to termunal R on the
nerwork vid #fiother white (WHT) lead in the
handset cord. From terminal R on the network
thef® are {our possibie paths for the induced
, current 1o reach its source at the other end of
winding S1. These four possibie paths are as
follows:

Figure J8. Transmitter arcuit schematic diagram (500 telephone).

(1) From termimai R through series-con-
nected capacitors C2 aad C1 to winding S1.

(2) From terminal R through resistor R2 to
winding S1.

(3} From terminal R through varistor CR1
and capacitor C1 to winding S1. :

(+) From terminal R through the red (RED)

e \-e-f:- Bt e S el e e

bandset cord lead, the transmitter, the black
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{BLK} handset cord lead, terminal B, resisior

R, winding S2. and capacitor C1 to winding,

SL.

9-33. As the current {rom winding S1 passes
through the receiver unit, the receiver diaphragm
vibrates, reproducing a sound that is smilar to
that entering the transmutter at the distant teie-
phone. Thus we hear a sound that is similar to
the party's voice as he speaks into the transmuitter
of the distant subset. While the transmitter and
receiver circuits are fresh on your mund, let’s
consider the antisidetone features of this cir-
Cultry.

9-33. Aniisidetone circuit. As explained pre-
viously, the term sidetone refers to the sound that
reaches a telephone receiver from the associated
-~ansmitter of the same telephone set. In other
words, it has to do with how loud you hear your
own voice in the receiver as you speak iato the
transmutter of your telephone. The antisidetone
feature then, refers to the circuitry that reduces

the sidetone to a desirable level, In the telephone

the reduction of sidetone is accomplished by the
balancing action of the components in the neg-
work. To understand this balancing action, you
must remember that the getwork functiogs in two
ditferent ways dunng an ordinary telephone con-
versation. First of all, when voice currents from
the telephone lins .-e applied to terminais RR
and C. the net w:ix functions as a recetving
unit by applving strong voice currents to the
recaiver. Secondly. when you speak imto the
transmitter, the network fugctions by appiving
strong voice currems to the line and at the same
ume by reducing the strength of the voice currents
1o the recewver. Therefore, the antsidetone fea-
ture is applied whenever vou speak into the trans-
mitter. To further explain the antisidetone fea-
iure. we will briefly consider the action of this
cireustry as it functions during receiving and trans-
mission.

9-35  As we explained, the voice currents that
enfer this subset from the telephone line are ap-
plied to terminals RR and C of the network (see
tigs. 26 and 28). As these currents pass from
terminal C to terminal RR, they pass through
winding P2, resistor R, the transmitter, and
winding P1. g additfon to this; part of the cur-
rent that passes through winding P2 flows though
winding S2. vanstor CR1, and winding Pl to
arrive at terminal RR. From this, it is edsy to see

that the received voice current, passes through

windings P1, P2, apd S2. The voice current that
passee through all three of these windings induces
i additive voltage in winding S1. Therefore,
during receiving, a strong voice current is applied
to the receiver unit by winding S1.

P -

9.36, When the handset is :emeved from its
cradle and the twlephone is in readiness for use,
dc currént flows from. the. central office to the
telephone instrument via the telephone lines. This
current passes through the same circuitry in the
network as was explawed in the previous para-
graph. That is, it passhs through windings P2,

2, and Pi in going from terminal C on the nct-
work to terminal RR. Of course, in doing Ehis.
it also passes through resistor R! and the trans
mitter as well as through winding 52 and vans-
tor CR1. It is important for you to note at thic
time that the circuit through resistor R1 and the
trapsmitter is in parallel with the circuit through

. winding S2 apnd varistor CR1. Because of this

parallel arradgement, any change in transmitter

resistance (such as caused by sound waves stnk- °

ing the diaphragm) will cause 2 change in current
+hrough winding S2 that is opposite to the changes
in current in windings P1 and P2. For example,
a decreasing resistance in the transmitter will
cause an increase in current through windings S2.
With these current changes in opposite directions,
the voltages induced in winding S1 by windiogs

"P1 and P2 are 180° out of phase with_the volt-

age induced in winding S1 by winding S2. Thus,
during transmissicd, a cancellation takes plags’
winding S!—reducing the strength of an{ in-
duced voice currents in the receiver circuit. Also,
during transmission part of the changing current
in winding S2 passes through resistor R2. This
current develops a valtage across R2 that is out
of phase with ‘ne voltage induced in winding
S1. Therefore, sidetone is further reduced in the
receiver circuit. '

9-27. Dialing circuit. When the handset is re-
moved from its cradle on the telephone, a diaiing
circuit is established to the central office via the
telephone lines. The completion of this circuit to
the central office is indicated to the subscriber
by the presence of dial tone in his receiver. This

dialing circuit from the central office through

the telephone is actually the same as the trans-
mitting circuits described previously. Dialing cur-
reat from the central office passes over the ring
side of the line to the telephone conpecting
biodk. To trace the dialing circuit from the con-
necting block through the telephone, refer to tig-

* ure 28. From the ring conductor at the connect-

30

ing block, the dialing curremt passes through
the red (RED) conductor in the mounting cord
fo termunal L2 on the network. From termunal
L2, it passes over the slate-vellow (S-tEL) lead
to contacts B-C on the hookswitch, through the
B-C contacts and a slate-brown (S-BRN) lead
to terminal G, and then through three parailel

L1
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paths to terminal RR. These three parallel paths
trom temmmngd C 10 terminal RR are as follows:

{1} From terminal C through series~connected
‘aristor CR2 and resistor R3 to terminal RR.

¢2) From terminal C through the series circuit
formed by windings P2 and 82, varistor CR1, ~nd
winding P! to terminal RR.

(3 From termunal C threugh winding P2.
resistor R1, the transmitter and handsetr conduc-
tors to terminal R, and then through winding Pl
to terminal RR. . .

9-38 From terminal RR the dialing current
tlows over the green (GRN) dial lead to the
pulsing contacts on the dial; through the pulsing
contacts and the blue (BLU) dial lead to ter-
minal F. through terminal F and .the. slate-white
($-WHT) lead to contacts D-E on the hook-
switch, through the D-E contacts and the siate-
green (S-GRN) fead to terminal L; through the
green (GRN) mounting ¢ord lead to the tip ter-
minal on the connecting biogk; and then to the
central_qgffice via the tip conductor of the tele-
phone line. During dialing, of course, the pulse
contacts on the dial open and close the circuit
the same number of times as the number of each
digit dialed. During the dialing of each digit, the
otf-normal contacts close, shorting out the re-

‘cewver circuit via the white (WHT) diaijeads.:ﬁ:

shorting out of the receiver cizcuit keeps the sub-
seriber from hearing the dial pulses in his own
receiver. Without this feature the dial pulses
would be heard as loud clicks in the handset
receiver. One more feature of dial operagon is
that capacitor C3 and resistor R3 form a capaci-
tance resistance bndge across the pulsing contacts
of the dial. The bridge circuit protects the pulsing
confacts from excessive arcing and bumning during
the dialing operation. ‘ :

9-39. This completes out discussion of the 300
telephone. Before we move on to the next chap-
ter. however, let's briefly discuss some of the
other telephones used by the Air Force.

10. Other Telephones

)

101, The parts and circuits described for the
300 telephone are used in many telephone con-’
Ggurations. Let's mention a few examples of
such units. Wall telephones, both 554 and 558
series, use the same parts and circuits as the 500

tclephone. The main difference between thege’

sets dnd the 500 unit is io'the shape of the
base and housing composents which facilitate wall

oo~

mounting. Another example is in the 564 and 363

Key. telephones which use the same parts and cir-

cuits. Also the 630 and 631 series ot call director
telephones use basicully the same parts and cir-
cuits. Since so many of these telephones use the

/ ‘

same components and circuitry, it is evident that 7‘7{

if you understand the 500 telephone you will
have little trouble in understanding the opera-
tion of these other telephones. In addition to this.
we must point out that you may become invoived
with telephones that use the components and cir-
cuitry explained in Chapter 1 of this volume.

10-2, In addition to these telephones, there
are the explosionproof and weatherproof sets,
used at some Air Force installations, especiaily
at missile sites. Explosionproof phones are used
in areas where they may be exposed to eom-
bustible gas. As shown in figure 29. the circuit
components. excluding the handset.” are inclosed
in a cast aluminum housing. This prevents elec-
tric arcing in the telephone from igniting fumes
or gas in the area outside the telephone set.
All conpections to the set are sealed and the
line wires are placed in a conduit that is at-
tached to the set by threaded connections, which
are also sealed to prevent gas from entering the
housing,

10-3. At some ingtallations, exglosionproof
and weatherpreof connecting stations are pr -
vided. To use this tvpe of station. you just plug

in an explosionproo! headset and traosmitter as-

sembly. When weatherproofing only is required.
the subset,is normally inclosed in a we therproof
box or cabinet which is sealed against the 2a-
trance of moisture. THe internal components of
explosionproof and weatherproof telephones are
the same as the components used in ordinary

-
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75 telephones, the principle differences being in the

expiasionproof and weatherproof housings and
in the methods used for sealing against the ele-
mernts. -

10-4. This concludes our discussion of the sta-

. .
NOTE.
.. . o .3:
Iy
- S
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tion equipment used with automatic svstems, The
aext chapter pertins 10 maintenance and io-
spection systems and records. However, before
you study the next chapter, complete the review
exercises for this one.
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CHAPTER 4

Telephone Station Maintenance,
Troubleshooting, and Repair

AS AN installer-repairman vou are responsible
for the mainténance of telephone sets used on

vour base or installaton. You must be able

to maintain these along with their associated cir-
cuits and equipment. In other words, vou are
responsible for the maintenance of the relephone
equipment that extends from the terminal of the
ielephone liie or cable through the telephone sets
in the ipstaliaton. This equipment -includes the
lead-in or drop wiring, extending from the ter-
minai on the telephone pole to the building; the
protector assembiv (for lightning, etc.) mounted
on the buildirg; the inside wiring and connpecting
blocks; and the telephone sefs with their associ-
ated apparatus. ‘

2. Generally, maintenance is divided into two
categories: preventive and corrective. Preventive
maintepance eliminates most service breakdowns
and therefore reduces the need for repairs. Cor-
rective mamtenance locates and removes troubles
that have caused service breakdowns. When the
trouble is located, it is generally corrected by re-
pairing, adjusting, or replacing the defective

component. In this chapter we shall first briefly

discuss preventive and general maintenance pro-
cedures. including inspections and treatment to
control corrosion; secondly, we will discuss tele-
phone test equipment, including telephone test
sets, test receivers, and multimeters; and thirdly,
we will cover fauit location and repair of tele-
phone sets and components using test equipment.

16. Preventive Mainfenance and
Cun'osmn Coantrol

16-1 Preventive maintenance ‘ncludes inspec-
tion and other work done on equupment o keep
it in good working condition so that breakdowns
and interruptions in service are held to 3. mini-
mum. This type of maintenance {s normally ac-

complished by making systematic (nspections of .

the overall installation and by then correcting or
repairing any defects found. As an instailer-re-

paxrman. you may have to perform preventive
maintenance inspections on the telephone instal-
lations at your base. Furthermore, you must 'do
preventive maintenance while working on other
jobs. For example, when vou are installing or re-
pairing a telephone set, vou must inspect the as-
sociated equipmemt (pole terminals, drop wiring,
cofinecting blocks, etc.) and make necessary re-
pairs. Generally speaking, inspect the associated
equipment as follows:

a. Terminals. Examine the wmng and com-
nections at the pole terminals to make sure that
all connections are in good condition and that
the drop wiring is properly attached to the pole.

b. Drop wiring. Examine the drop winng that

extends from the pole terminal to the protector

block on the building to insure that it is in good
condition, properly attached, and that it has ade-
quate clearance from trees,’ powerlines, cables,
buildings, etg.

¢. Protectors. Examine the protector assembiy
on the building to make sure thar it is grounded.
properly attached. and that its protector mech-
anisms (carbon blocks, fuses, ewc.) offer mawu-
mum protection fo the circuit components.

d. Station wiring. Inspect the station winng
that extends from the protector on the outside of

the ,byjiding to the telephone connecting biocks |

inside of the building tc insure that it is in good
condition and properly attached. Aiso, examine
the connecting blocks along the station wiring to
insure that they are not borken or damaged.

16-2 Corrosion Detectiott. When vou inspect
the ierminals, wiring, protectors, etc., pay special
attention (gspecially in damp climates) to detect
the poss'r!ﬂ;s formation of corrosicn. When vou
find corrosion. take corrective measures to elim-
inate it; and prevent. if possible, its future occur-
rence. You must kmdw what corrosion is and
what must be done to prevent it, if you do your
job properly. .

16-3. Corrosicn eats away mazcnal. usually
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metal. by rusting, electrochemical reactions. etg,
It would be ditficult to explain all of the carro-
sive actions thar can tyke plsce in tefephone
cquipment. However, in most instances, we find
that moisture has contributed at least a part in
any damage caused by corrosion.

-4, Corrosion usually starts when moisture
in the oir reactss with metals. Also, it occurs when
1 <hemical compound in a solution breaks up
nto charged &tom\i)f ions as a result of electric
current. Oxyvgen @Qlso essential in any serious
corrosion. but normally, corrosion does not take
place in the atmosphere without water in some
torm being present. With most tvpes of corrosion,
the imitial rate of formation is much faster than
that which occurs later, because the initial oxide
nim sets up a protective coating that slows down
the corrosion process.

lo-5. Corrosion vontinually converts metals
oack to their original state; for example, iron
reverts 10 natural iron oxide—ore. Corrosion at-
tack vartes on different metals; bur the basic
nature of corrosien is almost always the same.
Electricity flows between areas of a metal surface
throuzh a solution which can conduct an eleétri-
«al current. This electrochemical action cats away
the metal,

i6-6 Corrosion Control. Corrosion can be con-
toiled in manay wavs, ranging from washing and
c.eaming o sand biasting and applying some type
of protective coaung, It ean alse be controiled
Mvosheiters. covers, and containers. This is espe-
ciady true when the shelters or covers prevent
muoisiure rom entening the apparatus. It s im-
poriant that these methods be used by all per-
wnnel concermed. In the teicphone | substation
A7eds dou can climunate most corrosion troubles

ovinstailing the proper materials ia the right way,

hv nstailing moisture-proof materials in damp
ireas or climates, and by placing the wiring and
apparatus inside the building where it is not af-
tected by moisture. chemical fumes, heat, etc.
15-7 ALl relephone equipment and  attach-
ments meant for outside use are protected from
corrosion by either zine or galvanized coatings,
vr they may be made from metals or materiais
that will not rust or correde. Aluminum. copper,
piastic. bakelite. and ‘procelain are frequently
used. The materials used outside are usually made
so that weather. rain, snow. hot sun. and winds
will neither damage the material nor cause cir-
cuit breakdowns during the normal usable life
of the item. Normally. if sepecifications are fol-
lowed during mnstaliation. ghere is linle danger of
corrosion damage to thg parg of the telephone
cquirment that is out in the weather. It is the
rest of the equipment, the connecting wiring, and
inside parts that usually cause the trouble.

Ry

16-8. Prevention, To prevent troubles inside
of the building or instailation, the wiring, termi-
naly, connecting blocks, etc, must be placed so
that dampness cannot damage them. Sometimes
this may call for a special kind of wire or re-
routing the wire to a drver location. The dim-
age to the insulation might not be called corro-
sten by a strict
insulation is destroyed, shorts and grounds may
occur and cause an interruption to service. Also,
if corrosion forms on terminais. not only can it

- destroy them, but in severe cases, it may cause

47

a short between the connections.

16-9. Corrosion is easier to prevent than it is
to cure. A small amount of planning may save
hours of labor in troubleshooting and changing
instruments. The prevention of corrosion at a sub-
station instaliation depends largely upon planning
the installation of the telephone equipment in
such a way that it will withstand the conditions
existing at the particular location, Ordinary tele-
phones should not be installed in places where
eXcessive moisture <an cause damage. \Where
moisture does exist, the possibility of installing
weatherproof apparatus should be considered.

16-10. Correcrion. When vou find corrosion in
a piece of equipment, you will probably have to
replace the affected part. This may be the oaiv
method available to get the equipment back in
operation but. at the time of replacement, pos-
sibly you can do something 1o prevent the recur-
rence of corrosion. Another type of instrument.

‘moving part of the equ pment, a rerouting of the

cable or wire—any of th:s might prevent the same
thing from happening again. The piece of equip-
ment that has been damaged bv corrosion wili
need cleaning and adjusting and will quite likely
need drying out. To put it back in operaung con-
dition. remove all traces of cotrosion. rust. and
moisture. Also. clean and adjust all of the contact
ponts. =

16-11. When plannipg installations and while
performing preventive maintenance inspections.
remember that ffrevention is the easiest part of
corrosion control. Detection of corrosion 5 a
matter of performing frequent inspecuons of any
suspected installation. Correction is the biggest
job ot all. if the situation is allowed to get that
far. o

16-12. It is quitc often necessary fo inspect
the entire telephone subser during preventive
maintegance inspections. The complete inspec-
tionn of the subset will be covered later in this
chapter along with testing and repair. Before we
discuss such items as test equipment. testing. and
rdpair, ler's consider some general maintenance
procedures.

O

interpretation, but if the




”

)

17. Geoeral Maintensnce Procedures

[7-1. The maintenance of telephone sets, once
they huve been installed. consists mostly of !ocat-
ing ‘troubles and making the necegsarv repairs.
Troubles in telephone sets or circuits are indi-
cated by the {act that some part of the subset
Or Cireuit is not funcriomng properly. Symptoms of
trouble indicate faijure or malfunction of any one
of the four operations of the telephone set: (1)
signaling the operator or seéizing the automatic

switching equipment, (2) recsiving the ringing .

signal. (3) transmuting sound, and (4) receiving
sound.

17-2. When you have isolated the irouble to
one of these operations, you are well on your
way toward troubleshooting. Sometimes studying
the information on the {orm (service order, work
order, etc.) that dispatched vou to the subset
iocation helps you find the trouble. The informa-
tion on this form usually includes the location of
the telephone set. the wire or cable pair involved,
the elephone number. the trouble reported. and
M many cases, its probable location. As vou
analyze the information on this form. vou muay
ind that a schematic diagram will help vou to
localize the trouble in the subset area. In every
case. make a visual mspection of the wiring and
connections as we axplained previousiv. Remem-
ber. this visual inspection is very impcrtant since
it may disclose the cause of the trout:e.

17-3. If VYou ses no broken wires or connec-

‘tions. vou then make confinuity, voltage, and re-

sistince measurements with the proper instru-
TeaLs. using 1 svstematic process of elimination.
Y u can thus locate troubles in the minimum
snount of tme. Start this check from a point
e arcunt that is known o be good. Successive
Tarts ot the circwt can then he checked and 2iim-
anated unul the fault s located.

I7-4 Frequently more than ome factor mav
~e causing the trouble in the subset. Conse-
queniy vou should follow a thorough step-by-
step precedure to localize and elimtioate each
source of trouble. Be sure that vou follow these
procedures,to completion even though the imme-
Jdiate cause of trouble has been discovered in
onte of the eariier steps, because vou might find
dirty connections or points of prcbabie break-
down. which could later develop into serious
trouble,

17-3. This is the siep-by-step procedure vou
should ioliow. First, determine the exact natu
of the trouble. Often troubles may be exag:
gerated or underestimated because they are re-
poried by people unfamuiar with the operation
of telephone circuits. Second. check the equip-
ment for obvicus faults: examine the eytipment
ind winng for mechanical damage. For example,
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determine whether the telephone set hos been
dropped or otherwise damaged.

17-6. Betore testing any of the subset circuits.
test at the avriul cable termingl, or, in {arge build-
ings that ase so equipped, test at the telephene
werminal cabinet. The proper terminals for the
circuit will have been identified bv the wire
chief; therefore the test at wese rerminals is to
determine that the source of trouble does not lie
on the central otfice side of the equipmen:. If
the trouble is on the central office side. report it
to the wire chief, but vou must stll check the
subset to determine its’ working condition. Test
the ‘subset by contacting the central office and
requesting the wire chief to furnish the terminal
numbers of a spare pair. You can do this by
using a test set like the one shown in figure 37.
To dp this simply connect the test set to the termi-
nals of a good pair and call the central office.
In a dial system vou must dial the number of
the test desk by using the test set dial.

17-7. When the pair is assigned, connect the
test handset across the spare terminals to deter-
mine whether or not that pair is goed. Then con-
nect the telephone set to be tested 10 the new
termunals, call the test desk, and request that the
test desk operator run a transmission test on the
telephone. If a regular test desk is not available.
the wire chief can make the transmission test
from a test board. The wire chief should also
test the ringer by signaling over the line,

78

e
-



17-8. If any of the above tests indicate that
the twouble is in the substation, that trouble
should be isolated by fallowing specific.proce~
dures. Before you test the subset equipment, test
the inside wiring (wiring inside the building ex-
tending from the connecting biock to where the
telephone wire enters the buiding) by removing
the cover from the connection block and discon-
necung the leads from the telephone. Connect the
test handset across the terminals on the connect-
ing block and call the test desk. If you find
defective inside wiring, replace it without attempt-
ing to determine the exact location of the trouble.

17-9. Telephone trouble may sometimes result
from failure of the telephone user to handle the
instrument properly. If such is the case, you
should instruct him in proper telephoning tech-
niques. Nevertheless you shouid test the general
operating condition of the equipment.

17-10. We have already referred in general to
the wire chief's test desk and to the necessity for
conferring with the wire chief during trouble-
shooting procedures. Another operation in which
the wire chief plays an important part in the lo-
catton of substation troubles is that before you
dre Jispatched to troubleshoot a circuit, he deter-
mines the general situation. For instance. he will
De able to tell you the type of service (dial or
manual), the type of equipment, and the effect
of the trouble cn the telephone user’s service.

17-11. The wire chi=f performs tests before
the installer-repairman is veat out. First, the wire
chuef must complete tests to make sure that the
rouble is defimutely outside 8f the central offics.
' Second, he compietes a transmission tast to deter-
mine the condition ot the subset 'ronsmitter and
recesver. Of course he can rua this test only
when the telephone is not completely out of order.

17-12. In addition to these general testing pro-
cedures, testing instruments can alsc be used to
advantage.

18. Test Equipment

18-1. To locate telephone troubles systemat-
cally, the installer-repairman must use various
iostruments. This is necessary because in manv
cases the circuits are inclosed or are so arrangdd
that 1t would be very difficult t0 examine each
one visually. Fusthermore, an endless task con-
fronts vou when you attempt to inspect each part
of a component or circuit every time touble
occurs. Some systematic and logical method of
inspection must be followed if the cause of the
trouble is to be localized quickly. The best
Tethod is first to isolatg the trouble by identi-
fywg it with one of the circuits or systems. The
nEXt step is to trace out that particular circuit or
system unnl the failurd is uncovered. To help you

with the isclation and location of troubles, the
Air Force {urnishes several types of test in-
struments. The test instruments shown in figures
37 and 38 are typical of the instruments the in-
staller-repairman uses. Figure 37 shows a tele-
phone test set and figure 38 shows a multimeter
that is representative of those used in telephone
maintenance work. Let's consider these instru-
ments in more detail.

18-2. Telephone Test Set. Figure 37 illustrates
the T5-365GT handset, typical of the telephone
test sets used by ihe installer-repairman. Note
that this set is equipped with a dial that allows
you to call into a dial exchange. Just clip the
leads to the conductors or terminals of an op-
erational line or cable pair and then dial the ex-
change after you receive a dial tome. When
someone at the exchange answers, vou can then
carry om a coaversation with him, or you can
ariange for the test desk operator to check the
circuit. In addition to this, you can use this set to
determine if voitage is present on a circuit. Do
30 by listening for a click in the receiver when
you conaect the leads across the line or cable
pair. You can identify the ring or battery side of
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the line by connecting one lead from the test set
0 gmund and then by touching the other test
set [ead first to one side of the line and thea the
other, When the ring or battery side of the line
is touched with the test set lead. a loud click
should be heard in the receiver. Also. with an
automatic system, dial tone may be heard when'
the test set lead is touched to the ring or bar-
tery side of the line. :

18-3. Receiver Click Set. The receiver click
set may be the only test device available to you
for making continuity tests. You should remember
that these tests indicate when a circuit is com-
piete. When cwrrent flows through the receiver
i a completed circuit, it creates a magnetic
force which moves the receiver diaphragm. Hence
vou hear a click.

[8-4. Figure 39 is a schematic diagram of a
receiver click set. In this iilustration, a teiephone
receiver und battery are connected in series with
two test leads. Arranged in this manner, the set
is used for testing circuits that have no. source
of power. When the circuit has its own source
ot power, the battery is not used in the click set
aircuit. When the click set has no battery, it can
oe used cniv on powered circuits; and generally
speaking, it must be used m series with the cir-
Uil

18-3 To construct a click set using telephone
components, you may use the standard telephone
handset or a receiver headset. You must also
have a d':-volt battery. When vou use a tele-
phone handset in this way, remove the transmitter
cap and transmitter element, as shown in figure
+0. Inside the handset transmitter caviry, de-
pending on the type of handset, either you will
find two termnals that are connected to the re-
weiver slement through the handle of the handset
or vou will find that the receiver conductors of
'he handset cord extend through the handle to
terminals on the re:eiver. Io either event the
click set can be constructed as shown bv A. B,
and C in figure 4. Note that the construction of
a <lick set in this way connects the receiver and
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Figure 39 Recerver click set (schematic diagram)

.

battery in series. as shown by the xhcman: dia-

~ gram in figure 39,

18+6. A click set is simple to use. Sup
you want to check the circuit through a lamp
from poin: 1 to 2, shown in figure 41, Since the
click set 15 complete with its own battery, you
need only to complete the circuit. At the time
your test leads touch the two points as shown,
vou should hear a distinct click in the receiver.
If you do not hear a click, the circuit between
points 1 and 2 is incomplete. To prevent wrong
interpretation, be sure you make all circuit tests
carefully. Remember, sometimes corrosion at the
contact points prevents current flow.

18-7. Now that we have covered the click set
and telephone test set, let’s next consider the use
of multimeters.

18-8. Multimeters. The multimeters used by
the telephone equipment repairman are measur-
ing tools that provide essential information about’
electrical circuits. But no matter how good those
tools are, the resuits will be only as good as
the knowledge and ability of the person using
them. Leam 27! that you can about the use of
muitir “ters for testing telephones and telephone
cirtuits. As vou already koow from vour studies
in Volume 1, the heart of any multimeter is
the meter (sensing) mechanism, called the meter
movement, which can be used to measure varying
amounts of voltages, cur.ents, and resistance.

18-9. To measure different amounts of volt-
age. resistors with differsnt resistance values are
switched in series with the meter circuit, as shown
in figure 42. As vou can see in the illustration,
the resistors, called multipliers. are switctied in
series with test leads A and B and the basic
meter movemeni. When a large resistance value s
switched i series with the circuit and the scale
on the meter is calibrated for this resistance. the
meter is then capable of measuring a large voit-
age. By the same token, when a smaller resis-
tance value is switched into the circuit and the
scale s calibrated for the ymailer value, the meter
is then capable of measuring only smaller volit-
ages.

18-10. As you should remember from vour
studies in the resident course, the basic meter
movement s also used to measure different a-
mounts of current. To accomplish this. the resis-

tors (called shunts) are switched n parallel with

the basic meter movement. Of course the meter
scale must also be calibrared to match the dif-
ferent shunts. Also. as’ vou perhaps recall. the
basic meter movement can be used as ag ohm-
meter by placing a battery and varigble resistunce
in series witn the circuit. This, however, requires
that the meter scale be calibrated it ohms or
some other unit of resistance. '
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Figure 40. Click set construction.

18-11. Tn the last few paragraphs we have
been thinking of the basic meter movement as it

is used to measure direct current values. This 13

odly nawural because the meter movement being
considered is actually a dec unit. The multimeter,
however, can also measure ac values. A rectifier
unit (consisung of diodes) is switched into the
circut duning ac measurements. Thus the ac values
{voltages and currents) are rectified and applied
‘0 the meter in dec form.,

{8-12. Muitimeter operation. The importance
ot the multimeter for locating troubles in tele-
phone equipment is great. In fact, your success
in locaung troubles in telephone equipment will
depend largely on your ability to use the multi-
meter. In the communications shop you may have
any one of three models of multimeters avail-
able: T5-297. U (Fig. 38), a model 260, or an
AN/PSM-6. All three instrumeénts are used to
check the same clectrical properties, but the
PSM—6 and the Model 260 can test over a
greater range and with more accuracy.

18-13. When you select 3 multimeter for a
particular job; it is important that you know its
capabilities and limitatjons. - To give you some
background information in that area, we will
briefly discuss the TS-297,/U and the AN/

PSM-6 multimeters. Since the Mode! 260 can
perform all the functons performed by the PSM-6,
we shall use the PSM—6 to represeat beth units.
Any reference to the PSM-6 also applies to the
Model 260.

18-14. Muitimerer TS-297 'U. The T$-297. U
was ror designed for the accuracy and degree of
application that one wouid expect of the more
elaborate and more versatile multimeters. It
does. however, serve its purpose as a light.
portable, rugged, and relatively inexpensive field
multimeter. This meter has a senmsitivity of 1,000
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Figure 42 Basic voitmeter.

ohms per voit, and its maximum direct-current
measuring capacity is 400 milliamperes (ma).
£8-15. Figure 38 is a drawing that represents

8

ter in the illustration. This switch must be placed
dorrect position. For example, the selector

“ sa?itch must be tumed to the OHMS positioa to

measure resistance values; it must be turned to
ACY position to measure ac voitages; and it must
be placed in the DCV-MA? positicn to measure

" dc voltages and curreats. Finally, in the lower

half of the illustration, note the rheostat located

in the center just below the meter. The labeling

just above this rheostgf, OHMS ZERO ADJUST,
indicates its purpose. It is used for adjusting the
meter pointer to zero on the ohms seale when
measuring resistance values.

18-17. Now before we discuss the use of th;s
multimeter, take a look at the scales located on
the face of the meter. There are three scales:
the OHMS scale, the DC scale, and the ACV
scale. Zero on the OHMS scale is {ocated to the

_right ca the face of the meter, but the zero

the face of the TS-267. U muitimeter. Observe .

that this test set has six voltage range jacks,
three resistance range jacks,, and four direct-car-
rent range jacks. The voitage jacks, ranging from
4V (4 mi!s) o 1000V (10(}() volts). appear at
the left in the ilustration: the resistance jacks,
ranging from R X 1 (resistance times ome) to
R < 100 (resistance times 100), appear at the
bottom of the illustration; and the direct-current
jacks. ranging from +MA (4 milliamperes) to
J00MA (300 mulliamperes). are shown at the
right in the illustration. The jack that is com-
mon (0 all measurements is uppermost at the
right in the illustration, labeled as follows:
OHMS, -DCV, —MA. and ACV. This means
that a test lead must be plugzed into this jack
1o perform measurements in ohms, direct-current
volts, direct-current milliamperes, or ac volts, The
minus mark (—) in front of labels DCV and MA
means that the lead plugged Into this jack must
be used as the negative test lead when measuring
dc volts or dc milliamperes.

18-16. While you are sull ‘ooking at figure 38.
note the selector switch located at the lower cean-

markings for the DC and ACV scales are lo-
cated to the left on the meter. The OHMS scale
is calibrated with one set of numbers ranging
from zero to infinity. The DC and ACV scales
are each calibrated with two sets of numbers rang-
ing from O to 40 aad from 0 to 100. To use
this multimeter you.must be able to interpret
the readings on these scales in respect o the

position of the selector switch and the test lead -

jacks being used.

18-18. To perform any test with the TS-
297/U multimeter, piug the biack test lead into
the common jack and the red test lead into one
of the other jacks, depending con the test to be
performed. For example, if the test is a measure-
ment of volts. ‘plug the red test lead into a volt-
age jack that corresponds to the amount of volt-
age to be measured. Also. set the selector switch
in the proper position for the test being per-
formed. Finally, the scale to be read on the
meter during a test depends on two things: the
position of the selector switch and the jack in
which the red test lead is inserted.

[8-19. With the selector switch in the AGY
position, as shown in the illustration, we know
that we must read one of the' ACV scales during
an ac voltage measurement. If the red test lead
is plugged into the 4V, 40V, or 400V jack, the
reading must be taken on the Q to 40ACV scale.
When the red test lead s plugged into the 10V,
100V, or 1000V jack. the reading is then taken
on the 0 o 100ACY scale. To interpret these
readings, you must consider the position of the

red test lead. For example. when the red test-

lead s plugged into the 4V jack, 4 volts applied
berween the test feads wil cause the meter to
read full scale; therefore, during this test, 30 on
the scale is read as 3, 30 on (he scale is read
as 3. ete. By the same token. when the red
test iead is plugged inta the 400V jack. <40 on

- A s sty bt b e b
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the scale is then read as 400, 30 is read as 300,
ctc. When the red test lead is plugged into the
10V jack, 100 o the scale is then read as 10,
75 is read as 7.5, SO is read as §, etc. Also, if

the red'lead is plugged into the 1000V jack,

100 on the scale is then read as 1000; 78 is
read as 750, etc.

18-20. In the above paragraphs the explana-
tion given is for the measurement of ac volts.
To make dc measurements, of either volts' or
miliamperes, the selector switch must be turped
to the DCV-MA position. With the selector
switch in this position, all readings are then taker
on the DC meter scules. Other than this, the
making of dc measurements is exactly the same
as for ac. Of course, when making dc measure-
meats you' must observe polarity by using the
black test lead for negative and the red test lead
for positive. Also, when making either ac or dc

voltage tests, you must always connect the test,

\eads across (parallel to) the circuit; and when
making current (MA) tests, vou must always con-
fect the test leads in series with the circuit. Fur-
thermore, when measuring either currents or volt-
ages. you must always select a range large enough
to insure less than full-scale deflection of the
meter. For example, suppose that vou are going
to measure the voltage in 3 circuit that has ap-
proxumately 500 volts applied. In this case you
should piug the red test lead into the 1000V
jack to make the measurement; otherwise, the
voltage of around 500 volts would' overload the
meter. This is true when vou measure either
voltages or currents. You must always select a
range that is above the value expected in th . cir-
cuit.

18-21. Now that we have covered voitage and
current measursment with the TS-297.U, ‘let's
consider the measurement of resistance. To meas-
urz resistance values with this meter, you must
switch the selector w0 the OHMS position and
piug the red lead into ome of the three resis-
‘ance positions, shown at the bottom in figure
33, After this has beea done, the red and black
test lead prods must be shorted together and the
rheostar adjusted to bring the pointer to zero on
the OHMS scale. After the pointer has been ad-
jusied to zero, the test lead prods are then sep-
arated to remove the short, With the meter so
adjusted. resistance values are measured by con-
nectng the test prods directly across the circuit

or its components. /1 is important 10 remember

ihat the power for this test is provided by a bai-
tery im the multimeter; therefore. the cirewit or
component being tested musy be disconnécted
from its power source. S

18-22. The next thing that we must consider
s how to'read the OHMS scale. This is rather

Y

simple because the reading dapends upon which
one of the resistance jacks is being Aused.. For
example, if the red test lead is plugged into the
RX1 jack, the reading obtained

scale is read directly. This means
of 20 on the OHMS scale is equal to R times
one-(R X 1) or 20 obms. As another example,
if the red lead were .plugged into the RX10

- jack and the pointer on the meter showed 20 on

the scale, the reading waquld then be equal to R
times ten (R x 10) or 200 ohms. From these
¢xampics, you can see that the amount indicated
on the OHMS scale is always multipled by the
value shown on the resistance jack in use; there-
fore, with this multimeter, the amount shown on

- the OHMS scale is multiplied by either 1, 10, or

1Q0. Another importanmt factor about the ohm-
meter isthat whenever the red test lead is changed
from one resistance jack 1o another, the pointer
on the meter must be readjusted to zero before
any cadditional resistance tests are performed.
Whenever the meter cannot be adjusted to zero,
you will probably- have to replace the multimeter
battery. ‘ .

18-23. Multimeter AN/PSM~6. This muiltim-

- ~ter, ceudlly called the PSM-6, is illustrated in

figure 43. Briefly, it is designed to measure dc
voltages up to 5,000 volts, alternating-current
voltage up to-1.000 volts, direct-current values
up to 10 amperes, ‘and. resistance values up to
10 megohms. The PSM-6 uses a precision 50-
microampere movement which has 1.700 ohms
resistance. The movement is connected 1o the cali-
brated circuits through multiple switches: the
FUNCTION switch and the RANGE gwizch. All
of the connections are brought ott to the two test
lead jacks at the bottom of the panel. The meter
has provision for dual sensitivities of 230,000
and 1,000 ohms per volt. The higher sensitivity
does net affect the circuit (load the circuit) un-
der test as much as the lower sensitivity dwes.
Thus the high sensitivity setting makes more ac-
curate measurements.- The lower sensitivity in-
creases the versatility of the instrument, because
there are many items of  electrical equipment
whose voltage and resistance <charts specify the
use ot a 1,000-ohms-per-volt meter. 'Now that
we have. discussed the gefieral capabilities of the -
PSM-6, let's see how it works, beginnigg with .-

+ the operating controls. '

-

18-24. As you can see in figure 43, a draw-
ing that represents the face of the PSM-6,. there
are three control knobs located near the bot-
tom of the multimeter ‘panel. Two of these con-
trols, the FUNCTION and RANGE switches,
were’ mentioned before. The other control lo-

.cated just below the meter at the center of the
™ panel,’is the ohms ZERO adjustment.

-

the'OHMS. '
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85 [§-25. The FUNCTION switch is a seven-

position switch that selects the proper arcuit
clements to measure eithzs voltage current, re-
sistance. or outputivoltage level, :

18-26. The RANGE switch is a seven-posi-
tion switch used to select the®specific range of
voltage, current. resistance, or output level for the
destred measurement so that an accurate indica-
ton can be secured.

+8-27. The ZERO control is used on resistance
ranges to zero the pointer when changing resist-
4nce ranges or to compensate for changes in

 Meattery voltage, - .

18-28. Now that we have identified the pur-
pose of the control switches, let’s discuss the vari-
ous ranges of this multimuter. We will first con-
sider the scales on the meter face, then the ranges
controlled by the , FUNCTION and RANGE
switches, and the meter accessories.

18-29. The scales on the face of the meter
ire also shown in figure 43. There ;u's,‘m
weales: OHMS, AC, and DC. There is one set

three-

0 te 10 volts. 0 to 20 volts. O to 250 -voits,
U t0 500 volts, and 0 to 1,000 voits.

18-31, With the FUNCTION switch in the
positien described in the previous' paragraph, aid
by ‘adding Accessory Probe MX-1410/U, you

' can use the PSM-6 to measure voltages up to

of numerals on the OHMS scale ranging from 0 -

to IK. Of course. numerous readings can be
obtained on this scale by using the different mul-
upliers (R~ 1, R x 10, etc.) controlled by
'he RANGE switch position. The AC and DC
scales both have three sets of numerals ranging
frem O to 2.5. 010 5. and 0 1o 10. How these
scales are read when making a measurement
depends upon the position of the control switches,
As you study the various ranges of the meter,
vou should keep in mind that depending on the
rosition of the RANGE switch, the AC or DC
wales may be read in the following ways. The
0 to 2.5 scale may be read as 0 to 2.5 or as O 10
25 The O to § scale mav be read as 0 to §.
Mo SO0 or 0 o 500, The 0 to 10 scale may be
read as O to 10 or O to 1,000 on either scale:
ind a5 O to 100 on the DC scale for the special
100-microampere measurement. Yeu should also
remember that when the 0 to 5 scale is used as
3 0 to .5 scale, you must imagine the point
‘o be in front of cach number on the scale. As
an cxample. the numbers [, 2, 3, 4. and 3§,
Jre read as 1. 2.3, 4, and .S.

18-30. With the’ FUNCTION switch set in
the DCV-20KQ. V position, the muitimeter cir-
cuitry provides 20,000 ohms per volt during the
‘measurement, When this range is used. the meter
fas very littie effect on the circuit being tested.

High sensitivity makes it possible to securs accu--

rate- readings even’ when festing high resistance

C- rcuits carrying small umounts of carrent. With

the FUNCTION switch-in the above position. the
" RANGE switch is used to select the desired meas-
urement range, The foilowing ranges for the meas-
urement of dc voltages may be selected by the
RANGE Switch: 0 o .5 volts, 0 o 2.5 volts.

B

5.000 volts de. Briefly, this is done as fcllows:
With the master set up to measure 500 volts de,
plug the accessory probe in series with the posi-
tive test lead from the, méter. Attach the clip of
the accessory prebe 15 the high voltage test point

to be measured. Attach the clip of the accessory

probe to the high voltage test point 1o be meas-
ured. After vou attach the negative test lead  to
the negative side of the voltage source under ‘test,
apply power to the equipment and you can read
the high voltage on ‘the meter. NoTE: When
making high voltage tests, be’ sure that the power
is off and that no residual high-voltage, capaci-
tive charge remaids at the voltage .test point on
the equipment under test when connecting or dis-
vonnecting the test leads., :

18-32. With the FUNCTION switch set in the
DCV-1KQ/V position. -the multimeter circuitry
provides 1.000 ohms per volt during measure-
ment. When the FUCNTION switch is in this
pesition, 1,000 ohms per volt is provided through-
out ail of the ranges selected by the RANGE
switch. Also. with the FUNCTION switch in this
position, the RANGE switch may be used to se-
lect any of the voltage ranges. except for the §.-
U00-voit range. The 5.000-volt range. which re-
quires the use of the accessory probe, is used

only with the FUNCTION switch in the DCV~

20K V position. ,

18-33. When the FUNCTION switch is moved
to the ACV-1KQ, V position, a rectifier is con-
nected to the meter circuit to rectifv the ac
voltage applied to the meter, The RANGE switch
may De used in any of its positions so that the
meter can measure ac voitage up to 1.000 volts.

The readings on the AC scale are made in the_

same way as on the DC scale.

[8-34. When the FUNCTION switch is set at
the OUTPUT position, the circuit is identical 10
that of the ACV position—except that a series
capacitor is added to the cireuit. The function
of this capacitor is to block any dc component
of the ac voltage being measured,

18-35. When the FUNCTION switch is placed -

in the DC MA position, it actuates the circuitry

that :s vsed for all direct-curren: measurements.
‘With each chapge in the position of the RANGE

switch. the values of the resistors are changed
so that ail current in excess of 50 microamperes
will flow through the meter shunt. To .measure

current in excess of 1.ampere, the MX_1409 %" ©

Mulurange Instrument Shunt is used. Adding this
instrument shunt increases the current ‘measuring
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capacity of the PSM-6 to 10 amperes. When you
use the MX-1409,/U, set the FUNCTION switch
at the DC MA paosition, the RANGE switch at
~ the 10 position, and insert the imeter test leads
in the 10 jacks on the MX-1409/U. The load
under test is thea comnected to the bipding posts
of the MX~1409/U. NoTE: Make all “connects”
and “disconnects” with the power cff.
~ 18-36. When the FUNCTION switch is placed
in the OHMS position, it prepares the basic
nhmmeter circuit for measuring resistance. Here
again the values of the resistors are changed with
each setting of the RANGE switch. As explained
for the previous- multimeter, the OHMS ZERO
control on the PSM«8§ must be udjusted (with
the test leads shotted) to bring the pointer on the
meter to zero. This must be done at the start
of each. resistance . test and whenever the
‘RANGE switch is changed to a different posi-
tion during resistance tests. Also, when the meter
canpot be adjusted to zero, ‘it is quite likely that
the batteries in the multimeter need replacement.
18-37. With the meter adjusted to zero, aay
unknown resistance contnected in series with the
mete
OHMS dcale of the meter. For greater accurady;
resistance ‘measurements should be taken with
the RANGE switch in the position that allows the
pointer to fall upon the part of the scale where
the scale graduations are farthest apagt. (The
two batteries used in the PSM-6 are plastic-

. coated 12.06- and 1.34-volt mercuri oxide bat~

‘teries.) :
18-38. This. positipn of the FUNCTION
switch eriables the PSM-6 to measure gxtremely
small amounts of current. The RANGE switch is
qot inciuded in this circuit. When switched to this
sosition, the circuit is simply a 1,700-ohm re-
sistor shunting the 1.700-ohm meter, resisjance,
thus forming a parailel resistive network of two
equal branches. When placed in series with a

{00-microampere (or less) current path, the cur-

rent divides equally betweep the two branches,
* deflecting the meter pointér to full scale if the
applied current is the full 10Q microamperes.
To interpret. the meter ‘reading with the FONC-
TION switch in this position, you must use the
0 to 10 DC scale. Of course, when doing this,

you must add a zero to each of the indicated.

scale valuss, For example, since a full-scale read-,
ing is zqupl to 100 microamperes, the 10 on the
_scale must be read as 100, the 8 must be read
as 80, the 6 must be read as  60. the 4 miust
be read as 40; and so on over the egure scale.
18-39. Using the muitimeter. Since there are

so many precautions that must be observed when

1. multiméter is used, we have purposely con- .

.-tas_leads ‘will naturally cause a readidg om the -
”\mp@: is less than full scale. The value of -
tHe unkpown resistance is then read on the

N

densed . most of the information in this section 86 A

into a series of brief statements. We will first con-

sider general precautions, and then those that

must-be observed during specifi¢ tasts. - |
18-40. During tests, general -precautions must
be observed. Since all meters - current-ac-

‘tuated devices regardless of their scale chlibration,

here “are hints concerning meters. in general:
2. Before using any multimeter, carefully read

“al' . imstructions furnished with it.

~hen you use aay igdtrument, the area

arovuu the jacks and terminals must be clz2n
and dry. Thic prevents surface leakape, which
can cause erfor-in readings on the more sensi-
tive ramges. ‘

c. The rotary switches on the front pamei gen-
rally are not continuously rotatable. Do not try
1 force them beyond the first or last position.
" d. Do not drop -a meter or subject it to ex-
cessive mechanical shock. '

e. Never try to measure the internal resistance
of 2 meter movement with an chmmeter, as the

' movement may be damaged by the high current

required for ohmmeter operation. .
18-41. Observe precautions when using volt-

-

meters. Although the voltmeter is a high-resis- |

tance device and is not so apt to be damaged by
_an excessive current flow, there are several hints

concerning its proper use that you shouid ob-
serve. They are as foilows: '

a. Always conpect a voltmeter in parailel
across the portion of the circuit in which the
voltage is being measured.

b. Use a range large enough to'insure less than

“scale deflection. !

c. Observe the proper polarity in connecting.

the voltmeter across a dec circuit, .You can avoid
improper meter connections® by observing the
polarity Mdrkings on the meter and by remem-
bernng thaf the black meter leads are negative
leads and the red leads are positive leads,

d. Remember that the accuracy of a reading
indicated by, a voltmeter depends upon the sensi-
tivity of the meter. A voltmeter is a current

. measuring instrumnent designed to indicate voltage
bv measurement of current flow through a resist-
ance of known value,

18-42. Observe precautions when using am-
meters. There are a number of precautions that

Apply particularly to thc\\ge of the ammeter.
. They are as follows:

a. Always conmect an ammeter in series with
the element through which currenr tlow is to be
measured.

_ b, Never coanect an ammeter across 3 source
of voitage. such as a battéry or gemerator. Re-
member that the resistance of an ammeter, par-
ticularly on the higher ranges,*is extremely low
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7'And that, «any voltage, evea a volt or s, may
LiFause a very' high current to flow
| 7 ‘meler, causing damgge to it . °

through the

¢. Use a range large enoughf':;é kce;; the de-
flection less than“full scale befare measuring 3

currept. Form' some idea of is magnitude, then .

switch 10 a large enough range- or start with the

highest range and work down until YOU ic.ch the

appropriate one. Most accurate readings are ob-
tained at approximately half-scale deflection.
Many milliammeters have been ruiped by trying
{0 measure amperes. Therefore be sure to read
the lettering either on the dial or on the switch
positions and select the proper range béfore con-
aecting the instrument to the circuit.

d. Observe proper polarity in connecting the
meter to the circuit. Many pointers have ‘been

_ruined by a reverse swing due to reversed polar-

ity. ,

18-43, grve precautions when using ohm-
angters. The two precautions that must be ob-
served when you use the ohmmeter are:

a. Avoid connecting the ohmmeter across cir-
cuits in which voltage exists. Therefore, to re-
move all power from the equipment, remove the
power plug, and discharge any capacitors con-
nected in the circuit under test.

b. Make all resistance measurements with your

hands hoiding the insulated portion of the test*

prods. The resistance of the human body, under

certain  conditions, is law (less than 50,000

ohms) and may cause erroneous readings:
18-34. This completes our discussion of the

test sets that may be used in telephone main--

tenance and repaix We will next discuss fault
location and repair Bf telephone sets, including
the use of -other telephone tes; equipment. -
19, Fauit Location and Repair

of Telephone Sets

19-1. Thus far we have discussed mostly the
procedures used in locating and wliftinating trou-
bles between the pole terminal and the “alephone
mounting cord. The information given in the tele-
.phone trouble report is often a clue to the loca-
uon of the fault. For instance, the subscriber
reports the trouble symptom as “The bell doesn't
ring.” If no other trouble symptom is listed. and
you can talk and receive over the set, there is
good reason to beligve that the trouble is within
the instrument (teiephone set). The probabie
causes for troubles in_telephone sets are listed in
troubleshooting charts for the telephones con-
cerned. As an installer-repairman” vou should

have access to telephone troubleshooting charts .
it your station of assignment, s,

19-2. By careful amalysis of the trouble re-

poried and by line testing you may isolate the -

-formed (0 isolate the trouble in

trouble to the telephdne set. Replacing the rale-
phome set with another is usually the quickest

can be restored more quickly by repairing - the
faulty telephone set, do sq. This brings us to the
problem of testing the telephone set,

19-3. Preliminary Testing Procedures. There
are three basic procedures to follow wheg you
are troubleshooting a telephone set. (1) e
on qperational check: to"dstermine which circuit
in the set is not operating properly. (2) Make
a visual -inspection of the set to discover any
obvious faults, sach as opens caused by broken
wires or conhections, shorts caused by. improper.
contacts between spade clips, and improper me-
chanical action caused by the presence of foreign

.materials. (3) Make as continuity test to deter-

miae if the circuit under test is complafe when the
trouble is. not- obvjous enough to be seen during

~ the visual check.

19-%. Operational tests. After any troubles be-
tween the pole terminal and the telephone have
been eliminated, operational tests

These tests are basically the same as the imitial
tests performed.at the time of telephone install

tion. Briefly, to perform these tests yau mct
first ipspect the external parts of the telephone,
such as the handset, handset cord, mounting

ing this inspection, you should verify that the dial
does not bind: and that the hookswitch mecha-

‘nism operates freely. When the inspegtion is com-

pleted, there are two tcsts tha: must be per-
formed: the transmission test and the signaling
test. \ .

18-5. To perform the, rramsmission test, first
lift the: receiver and listen fo¥f dial tome. Next,
you should blow gently into the transmitter and
listenr for sidetone in the receiver. While blow-
ing in the transmifter, move the dial slightly off
normal. Sidetone the receiver should be cut
off by this action., After checking for sidetone,

dial the number of the wire chjef, operator, sor,

a local telephone set. While disiing you should
near no dial clicks in the receiver and the finger
bells should not tap. Finally you should carry on
a conversation with whoever answers the tele-
phone, noting how well both voices are heard
during a sormal corversation. Also you shduld

- blow gently iato the uwadsmitter during the con-

versation and note whether any scratching or siz-
Aing noises are heard. While the conversation is
stl]. in progress, shake, twist, and stretch the

-handset and mounting cords to se¢ if any scratch-

ing'or sizzling oises are heard. Noises indicate

-

Means of restoring service. However, if service _

ould besper-
e telephone set.-

‘cord, telephone housing, and dial assembly. Dur+ -

that these cords are in poor condition. If the .

" above tcsts,f(a:c unsatisfactory, the ;clephous

-
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should be either repaired or replaced, depend-
ing on the nagure of the trouble. If alf of the
tests are satispctory, you should then proceed
with the signaiing fests. '

19-6. To perform the signaling test vou should
dial the ring-bafk’ n\m&ct (if the central office is
so equipped): ‘otherwi®, call the wire chiet or
operator and have him ring the telephone rnder
test while you observe the operation of the ringer
or-bells. The belly should ring clearly anc at the
proper volume. Also, while the signaling test is
b:ing made, move the volume control (loudness
control lever) from the highest position to the
lowest position and note whether the volume
change is appropriate.

19-7. Localizing trouble. If-the telephone set-

does not operaie properly during the above tests,

it may be best in some cases to install agother

set and take the old one to the shop for addi-
uonal inspections and tests. But, if you have
plenty of time and it is not too urgenat e ser-

vice be established immediately, it may be easier,

to localize the trouble while the set is still in-
stalled. At least by using the telephone test set,
vou should be able”to localize the troubie to one
of “the five basic circuits of the telephone set.
These basic circuits, as shown in the trolble-
shooting sections of\ Jechnical Order 31WI-1-~
281, Telephone Seis*dnd Associated Apparatus,
are: the ripging, talking, receiving, dialing, and
the short-on-line. circuits. You should isolat¢ the
trouble to one of these circuits in order to use
the iroubleshooting chartg” To do .this with a

‘telephone test set. you must open ghe telephone

and connect the clips of the hand test set. with
the switch in MON (Mongr) position, across

_ the teleghone line at the subset terminals. This

olaces the test set in 3 position that allows %you
to .monitor the operation of the subset during a
ipsiaituation. ' ‘ . a
19-8. With the hand test set connected across
the line terminals as expluinec above, the trouble
svmptoms and circuit at fauit can be dgtermined
as follows: :

4. Remove thg handset from its ¢radle on the
telephone subset and then listeg to the receivers
of both the {flephone and the hand test set. If
nothing is heard imnither recetver,-the symptom
% said to be a "Na dial tone (NDT) siwation.”
On iroubleshodting charts, this indicatés tbuble
in the short-on-line circuit~—which could pe either
a shert or an open in the line circuit through the
telephone. ‘ ‘

b. With the handset stil off its cradle while
vou are listeging to both receivers, hearing dial
rone in the receiver of the rest set and nothing in’
the receivet of the telephone indicates a “Cannot
hear (CH) situation.” This further indicates that
the trouble is ;n the receiving circuit..

" let’s first consider the 'mspéttip

" ¢, Next, with the handder off its cradle, op-
‘erate the subset dial whilé listening to Yotk re-
ceivers. If you hear dial tone in the receiver of
the test Sereand \iso hear it between digits in
the receiver of the subset, you have a “Canngw
break dial tone (CBD) condition.” This further
indicates that the trouble is in the dialing circuit.
Also, if you hear nothing in the receiver’ of the

# telephone set after the dialing is s@arted and you

hear hesitant or distorted dial puls¢s in-the re-
csiver of the test set, it indicates a&mot dial
(CD) condition.” This also indicates trouble in
the dialing circujt.

" d.Next, with the handset on its cradle and a
nNpging condition on the line,“if you hear the
ringing generator in the receiver of the test set
and there is no ringing of the telephone, it indi:
cates a “Bell doey not ring (BDR) condition."”
This indicates trouble in tne ringing circuit.

e. Finally, if you hear nothing in either re-
csiver when someone is talking into the trans-
mitter with the handset off irs cradle. it itdicates
a “Cannot be heard (CBH) situation.gThis lo
caiizes the trouble as being in the talking cirguit.

19-9. If the trouble is isolated to one of the
five circuits during the tests, you can perhaps
pinpoint the trouble within that circuit by study-
ing the schematic diagram for the telephone and
cireuit. Many of these diagrams are contained in’

(¥ technical order referred to previously. In any _
ave to use the diagrams to trace«*
telephone circuits and components if .

event-vou wi
and test thg
the subset is taken to-the shop for repairl Far
the purpose of this text, i¢t’s assume that the sub-
set must be repiaced andsthat we are going to re-
pair the old one in the shop. This brings us to
the job of inspecting the subset and of testing its
compogents and circuits. u%?i this assumption
of a telephone
and then the testing of its corgponents and cir-
“cuits.

o 19-10. Telepht)}e/ In$pection. When a tele-
phong has been brought yato the shop for repair.

% it should “be thoroughly Anspected before any

repsir work is begun. Of coursg, in. some cases
the ipspection may performed at the sub-
scriber’'s residence, but in the majority of cases

phone. it is best fo replace the ‘unit and bring the
old"or= i for inspéction and repair. The com-

‘when a trouble has ?eq isolated (0 the tele-
]

~ plete inspection’ of attejephogb is accomplished by

examining all of its major componeats very thor-
oughly. To do this. let's start with the telephone
hardset. '
19-11. Hundse! inspection. '{o inspect the en-
tire handset, yolgqus: remove the receiver and
transmitter units. First remove the transmitter and
-receiygr caps by turning them in a eounterclock”

¥
75



&‘; e

,r

-~

[}
(P

I

wise' direction. When hand pressure is insuffi- -

ciEar to ugscrew the caps, a topl is provided
for.use with "the Fetvpe handset. This tool is
normally nat used on the later model (Getype)
handsets. When this tool

used. the .application of a few layers of fric-

tion 1ape around the cap willgive a berter grip’
_for hand removal. After the caps are unscrewed,
‘remove the transmitter and receiver units and

perform the following inspections,

ps and handset case for ’chips.
eads, and distorted chntacts.
arts are_damaged, .replade them

4. Inspect the
cracks. damaged
If any of these
as needed.

b. Inspect the transmitter unit to see if it is
bent or distorted.or if the diaphragm is plnctured,
dirty, or wet. If the
replacg.ir.

<. Inspect the receiver unit for dents, dust.-

and moisture. Clean and test the unit when re-
quired. If defective. replace the unir,

d. Examine the handset cord and wiring for
frased insulation near its Connections, and check
connections for. good condition and tightness.

19«12, Ringer inspection. To inspect the ringer
or' any of thy internal parts of the subset, vou
must remove the telephone housing. After the
housing has been removed, inspect the ringer
s Aolows: .

4. Examine . the finger assembly for segure

mounung. make scre that the gongs are not lodses

and sez “that the loudness control lever can be
moved: treely, : _

h. lInspect the ringer coils for nicks. dentsfand
loo ¢ comnections. Test the ringer coils as'.de-
wribed in the section on testing.

¢ Examine the biasing spring; if it is broken
or ‘acks tension, the ringer assembly must be
replaced. .

19-13. Hookswisch inspection. In general the
hookswitch- may be inspected in the following
manner.

a. Inspect springs for bent or rusty condition

c<nd tor puted contacts, Make sure that the con-

tacts make and break properly.

5. ¥est tor free lever action. If the mechanism
squeaks or binds. it is defeciive,

. When the spring pileup is defective, it may
be replaced on songe telephone sats. but on
others the entire Set must be replaced. Check
with vour source of supply aad read pertinent
technicai orders to determine which parts are
avadable for replacement. i o

19-13. Induction ¢oil inspection. When the
telephone ser has an induction coil that is not
part of 2 metwork. it may be inspecied in’the

following manner:

L8

is not availabie, or thc‘.
handset 5 3 mode! on which the ol caanot be "

uait is deféctive in any way, -

. ing and make sure that all

" may be inspected as follows:

.a. Inspect the induction coil for secure mount-
© sure tat all of the wiring coqnec-
tions are tight and in good condition. . -

b. Inspect: the wirdings for nicks, dents, apd’
breaks. Replacegthe coil assembly if it is dam-
aged. I

¢. If the coil Apears to be in good condition,
test-the resistance of the windings as explained in
the tests section. o '

19-15. é\’enwrk'msbectian.'lf"ﬂm subset is
equipped with a network assembly, the network

)

assembly for dents, ;:hips. and
Examine all wire connections
[

a. Inspect the
broken terminals.

-and tighten lodse terminals. \

b. If there is' any doubt about the hgtwérk.
test its windings as explained in the test section.

19-162 Housing inspection.’ Ins ¢ hous-
ing for cracked, chipped, or discolgfecd congdition.
Check the padded feet on the base to insurd™thar
they will not damage or' mar desk finish.
- 19-17. Dial snspection. The telephone dial
should be inspected in the following manner.
a. Examine the dial for secure mounting and
tighten any loose screws. o
b. Inspect the finger stop, and finger. whee! for

loose or beat condition and examine the number-¢*

card for cleanliness, tears, and legibility,
any damaged parts by foSwing the
tions in the pertinegt technical order.

Replace
instruc-

c. Insure that all Wire cctnections  are tighr.\

and test the diai for proper“operation. including

the testing for proper dial speed. This' must Qe
done by following the instructions for the dial test

equipment used in vour organization. -

19-18. Cord inspection. Inspect the handset,

- and mounting cords for cut or fraved insuiation

59

ind for poor connections or loose cord stavs.
Furthermore, the cords should be tested for con-
tinuity, as we will explain later in circuit testing.

19-19. Capagitor inspéction. When the tele-
phone uses capicitors that are mot contained in
a network, they should be inspected in the fol-
lowing manser. LA

a. Inspect the capacitor case for any dents, .
cracks, or leaking fluid. If it is dampged in any
way, the capacitor must be replaced. .

6. Examine and tighten wire connections as

necessary. . :

¢. Telt the capacitor if a capacitor test set 4s
available.

19-20. Testing Telephone Components. Before
estng a4 component, you must inspect it 10 make
sure that~it has no befken leads or dirty, cor.
reded terminals that will interfere with the tests.
Also. you'must study the schematic diagram of
the circuit o se¢ if any of the connected lead$
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‘winaﬂenthemnthsapmniséomm
to a component interferes with the tests, discon-

N ) " ¢
tzansmitter is variable, testing it with an' ohm- 90 :

meter is nok very reliable. If you have reason to

nect the wiring: The tests explained: in the fol-  believe that the. tgnsmiter is defective, teplice
fowing “aré accomplished By the mul- " it on ¥ temiporary basis witli OnE tBaL i Known

timeter with its FUNCTION -switch in position
for measuring resistance. Of dourse you must
remember that “the scale to be used (RXI,

~ RX10, etc.) depends upon the amount of resist-
ance to be measured. In any event the-reading
will gormally be more accurate when a scale s
used that causes the metér to read in the lower
half of the scale during the measurement. Now
consider the testing of some telephone compo-
neqts. b /

19-21. Induction coil. To test the induction
coil, you measure the resistance of gach
winding. Whén you test the windings ofge 161A
induiction coil, if the valugs vary more 10
percent from the amougs specified, the cdll is
defective. The values specified for the windings
of the 101A inductiod coil are as follows: the
resistgnée value of the primary winding is 22
ohms: the vaiue given for the secondary winding
is 19 ohms; and that for the tertiary winding is
7S ohms. ' ,

19-22. Neiwork. The 4258 network is used
with the S500-type telephoné as weil as with

many other telephones. To test the resistance in.

the components of this network, you must me

- three measurements as follows: (1) the resst-

ance measured between network terminals R and
RR should read 135 ohms; (2) the resistance

measured between terminals’ R and GN should

be o3 ohms; and (3) the resistance between ter-
minals B and C should be 39 ohms. Rememoer
that#fecause this network also contains capacitors,
it may sull be defective even when the resistance’
valyes are satisfactory.
19-T3. Ringers. Test the ringer windings by
measuring the resistance of each coil. If any
vaiue varies drore than .10 pereent from. that
;\pccif_xed. the coil is. defective. Since there are
many types of ringers and bells used, you must
-look up the vaiues specified for the ringer being
tested. It is always a good praciice_to look up the
resistande values for any unit being tested. Don't
try to remember specifications.
19-24. Receiver. The resistance of a receiv-
. ing umit should not vary more than 10 percent
from that listed for the specific umit. Again: al-
- ways ook up the specifications for the unit being
measured. The values for the Ul and HAI re-
ceivers are as follows: the Ul receiver (used in
the G-type handset} should have a resistance of
about 12.5 chms dnd the H3l1 receiver (used
in the F-type handset) should have a resistancg
of abour 24.5 ohms. '

10 be good and continue with the troubleshiooting
procedures. . ’
19-26. Dial. The dial, \of course, does not
have specified resistance vhiues, but you can
check the operation of its contacts by using either

‘the teleghone test set or the multimeter. By

conaecting across the dial contacts, you can check
them {or continuity when they are closed and for
breaking the circuit when they are qpen.

<

19-27. Capacitors. When a regular condenser

Jgster is not available. a ringing or talking capac-
itor can be checked with an ohmmeter in the

‘following manaer.

=

a. Disconnect the capacitor leads from their
terminals. . ’ L
“ b. With the ohmmaeter set on its high-resistance
scale, connect its leads across the terminals to
sharge the capacitor. :
" c. Reverse the leads gind touch the capacitor
terminals; the ohmmeter should show a momen-

- tary deflection (kick) as the capacitor discharges

and then recharges in the opposite direction.
d. Reverse the leads (back to the first posi-
tion) and again touch them to the capacitor ter-
minals. The ohmmeter should again show a mo-
mentary deflection- as the capacitor discharges.
e. If the capacitor will not load up and dis
charge in both directions (as indicated by de-
flections on the Jeter), repiace the capacitor with
one that is known to be in good condition.

19-.28. This completes our discussion on the
testing of telephone components. We will next
consider the pringjples involved in testing tele-
phone “circuits, We will use some representative
¢circuits to show the use of a telephone test re-
ceiver or click set.- Before we discuss these tests.

. however. we wish to point out that the same type

of <ontinuity tests may be performed on any
telephone gircuit simply- by using the wiring dia-
gram (foy the sepecific telephone) to trace out the
circuit and establish the test points. Also.- similar
continuity tests can be performed by using either

the teleghone test Act or the multimeter.

19-29. Testing' the Transmitter Cirenit. To
cover the generd! principles of telephone circuit
testing. we will explain a continuity check of an
example-telephone transmitter circuit in the fol-
lowing paragraphs, With-this telephone, if it can
neither transmif nor receive, you must check the
rransmitter circuit before you check the receiver
‘Gircuit. While studying the transmitter circuit, reter
to the simplified diagram shown in figure 33,
Note that the RED lead h&® bebn disconnected

19-25. Transmirter. Since the resistance of a grom the R terminal of the induction coil and that

& . ¥ 60

e

el

5

i

[y




- trafismitter in place |

Figure 44. Transritter test.

a test receiver and battery are comnected to

. the RED lead. This point of connection is iden-

tified with the letter A in the illustration, and it is
one of the test points used ir. 7l of the trans-
mitter tests. The other te.t :zad is extended to
points B, C, D, . 3d E as the tests are made.
Before we cons.der the tran §ter tests any
further, let us cxamine the circuit components be-
tw? 3 points A and B in figure 44. You can sece
that 3 RED lead extends from test point A to
the RED termipal ¢a the bandset. Also note
that a black (BLK) lead extends from <est point
B to the BLK terminal on the handset.

19-30. Although it is not shown as such in
figure 44. we assume that the telephone trans-
mitler is connected between terminals BLK and
RED in the handset. The transmitter, as you may
recall, makes contact ‘with these términals

though spring contacts in the handset. With the

the handset, the circuit
should be complete fromt test point A to point
B. To test this circuit, connect the test receiver
from point A to B and then blow or talk in the
handser transmitter as vou listen to the test «ce-
ceivet. If the sound comes tirough the test re-
ceiver satisfactorily, the circuit from point A to
point B is all right. However, if the sound does
not come through the test geceivgr, the transmit-
ier or ope of the connecting leads (RED:and
BLK) is defective.
the transmitter and

termine which is at
xu‘f:‘wm

.lead separately to de-

-

this is the case, test -
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from test point A to test point B is functionin

properly, the transmitice and its leads are not at™ =

fault. To perfotm the next test, then, move one
test lead frrom test point B to test point C. This
connects the test receiver from point A to point -
C and allows us to test for continuity through the

dial pulsing contacts between points B and C by /
blowing or talking in the transmitter. If this test’

is satisfactory, move the test lead to point D to
test the continuity of the hookswitch contacts be-
tween points C and D. If the hookswitch contacts
are satisfactory, move the test lead to.point E
to test the yellow lead which extends from the
hookswitch to the induction coil. If these tests
prove to be satisfactory, you can assume that the
transmitter circuit is functioning properly. The
next test then is that of the receiving circuit.

19-32. Testing the Receiver Circuit. The re-
ceiver circuit tests are illustrated fn figure 45.
When you check this circuit, you determine the
test resuits by clicks heard in the telephone re-
ceiver only. You should fo attention to the
clicks heard .in the test receiver. Furthermore,
these receiver tests an: performed only after you
know the phone transmits. Again the® A posi-
tion ‘fs tie test set’s¢ledd at the disconnected
wire of the R terminal, but the B, C,'D, and E
positions are aot the same as those used for test-
ing the transmitter circuit. :

19-33. Before we discuss the receiver tests.
examiné the circuit between points A and B in

. figure 45. You can see that a RED lead extends

~/

.
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from’ pomx A 40 the terminal RED mi the hand-"

set.” Also, note that conductors extendisg through
to two receiver terminals at the opposite ead of
the -handset. ‘Although it is not. shown in the il-
lustratfon, the regeiver unit (when in piace in
the hindset) completes’ the circuit between these
two terminals, Thus, when the receiving unit is
in place in the h , the circuit should be‘com-
pleted from point Y¥to point B via the RED and
the bandlet receiver. If this
circuit «s_in dition, vgonecting the test
leads fromi point- A~ to point B’tauses a click in
the handset recsiver. If a click is not heard
when this tést is'made, it indicates that’ the cir-
cuit between points A and B is' at fault. When
this is the cafe, you must st the leads and the
receiver individually to locate”the faulty unit.
19-34. When the test indicates that the circuit
is in good .condition betweeg” points A and B,

. move the: test cognection from point B to point

C. This e¢xtends theitest hrough the dial and

. hoqkswircti centacs, shown between poiats B and

C in figurd 45. Tf/vou hear a dlick in e handset
receiver during this, test, the circuit is in good
condifion from point A t& point C. However, if
this test does not prbduce a click in the re-
ceiver, the circuit betyden points'B gad C is at
fault. (This is assuming of course,*that the pre-
vaQus test showed the circuit from point A to
potnt B to be in satisfactory condition.) To con-
tinue the test.-move the lead to point D, thus

+
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AN . . .
testing the green lead and inductfon coil winding
between points C and, D. If this is satsfactary;
moye the'lead go paint E fo-tes the leads and
capacitor between poiipts’ D and E. Once’ again,
when a test indicates that the circuit is faulty be-

tweerr two test pointd, then the components be-

tween these two test’ pointsifnust. be tested -
dividually to 